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l. Introduction. Transfe r of training has 
been much discussed. The usual diseus- 
sions are coneerned with the transfer of 
factual knowledge, or of skills, or of types 
of abilities, to other fields than that 
which they were acquired, or to life. Thus 


in 


one enquires whether a training in logical 
thinking (gained, say, in the study of 
plane geometry) “transfers”? to such fields 
as law, or economics, or diplomacy. 

There are some experiments of great 
value. Investigations may be defective, 
however, even when they are sincere. 
Thus, one reason why students who have 
taken considerable mathematics are good 
that 


is probably higher in the group 


law is 


2 | ().”’ 


in the general intelligence 
that chooses to take mathematies than it 
is in the group that avoids mathematies. 
Such difficulties confuse the issue, and 
they give anappearance of transfer of train- 
ing that may be misleading. For these 
reasons, and analogous ones, claims have 
been made for mathematies as a prepara- 
tion for law, for example, which are prob- 
ably in excess of the realities. Certain 
other reasons that I shall mention a little 
later lead me to suspect that claims thus 
made are far in excess of the realities. 
I'xperiments conducted on animals are 
more reliable in that the check groups can 


be made comparable with those subjected 
to a given training, and because the ex- 
perimentation is not so dangerous as it 
might be with human subjects. Such ex- 
periments, begun by Thorndike of this 
institution, and carried on by many other 
led to disbelief in 
transfer of training, even in comparitively 


investigators, have 
related fields. So striking were these re- 
sults that many were led to make state- 
ments regarding failure of transfer that 
are no less extreme (and no less faulty) 
than are the claims for transfer which I 
have mentioned above. 

The total result is not entirely clear. 
At present, no two psychologists would 
agree with any precision as to the extent 
to which we may expect transfer. About 
what is that 
transfer of training in one activity to some 
closely related activities, but that there is 
had 
supposed, say, in 1900, and far less than 
is supposed still by of 
mathematies. That these statements are 


ean be said there is some 


very much less transfer than been 


many teachers 
vague and are open to subjective inter- 
pretations that vary tremendously, is not 
only admitted :—it is in fact a true mark of 
the uncertainty that exists concerning this 
whole matter. 

Nor does it simplify anything to say 


* Presented before the fourth Mathematics Conference at Teachers College, Columbia Uni- 


versity, July 30, 1936. 
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that transfer will exist whenever there are 
“identical elements” (whatever that may 
mean) in the subject or topie taught and 
in the thing to which it is applied. I shall 
have oecasion to mention to you instances 
of complete (not partial) identity in which 
transfer does not occur. 

2. Faculties of the Mind. An older psy- 
chology had seemed to present a sound 
basis for transfer of training. Indeed, the 
experiments and investigations on trans- 
fer have been one primary reason for the 
abandonment of that theory of psychol- 
ogy. I refer, of course, to the so-called 
“faculty-psychology,” 
to analyze the mind into faculties, such as 


which attempted 


memory, will, reason, and other neat com- 
partments. It turns out that a brain, 
whether it be of an animal or of a man, is 
not so simple a thing as was supposed in 
such a theory. Thus memory does not 
seem to be a single “‘faculty’’: it is prob- 
able that many of you can remember, as 
I can, faces, but not names; you may be 
able to memorize poetry, but not tele- 
phone numbers, or nonsense syllables; or 
conversely. 

It is so with each of the supposed 
“faculties.”” There is no single memory 
ability. There is no single will-power. 
There is no single reasoning faculty. It is 
even hinted that there is no single intelli- 
gence-quotient, though many who con- 
demn loudly the faculty-psychology of the 
past maintain equally stoutly the uni- 
versal validity of one single “intelligence.”’ 

If there are no separate unit “faculties,” 
the ability to train each such “faculty” 
by appropriate exercises, so that it shall 
function accurately in all possible situa- 
tions, is clearly illusory. Thus the memo- 
rization of poetry, or of nonsense syllables, 
does not contribute toward ability to re- 
member faces or names or telephone num- 
bers. Memorization of mathematical for- 
mulas contributes toward ability to re- 
member... just such formulas! 

3. Transfer inside of Mathematics. If we 
question transfer from geometry to law, or 
if we believe strongly in it, experimentation 


on animals is impossible, and experiment 
on human beings is too dangerous, and is 
likely to be illusory. It has long ago oc- 
curred to me that there are questions of 
that are easier to judge and 
simpler to control. 


transfer 

These are the questions of transfer 
within the 
within mathematies itself. Such instances 


same subject, for example, 
exist in large numbers, and the facts about 
them are relatively easy to discover. They 
offer also more intimate cases of “‘trans- 
fer,”’ since the subjects concerned have a 
high degree of identity. 

little 
study of these matters, and there is not 


There has been comparitively 
even a clear recognition that the instances 
I shall mentioned are included under the 
general subject of transfer. I shall mention 
some specific instances, and I shall try to 
make clear that the questions that arise 
are exactly the questions of transfer o/ 
training, though the subjects are very 


closely related. This fact makes absence of 


transfer or difficulty of transfer all the mor 
striking. 

Thus, instead of asking whether th: 
logical training secured in a study of ge- 
ometry is transferred to logical argument 
in such a subject as law, I may raise thi 
question as to whether or not logical train- 
ing in geometry is transferred to logical 
training in algebra. 

In geometry, many teachers, perhaps 
many of you, hold that it is necessary for 
any intelligent person to prove his state- 
ments by deduction from a system 0! 
axioms, and that failure to do so is : 
mark of great mental inferiority. We eve 
hold, sometimes, that this habit of logica! 
deduction should affect the student’s 
whole life, and that he should be trained 
by this study of geometry to proceed 
similarly in all other subjects and in al! 
the affairs of his living. 

Yet the very teacher who strongly urge: 
such views may not apply them to such 
closely related field as that of algebra. W 
were to have learned through geometr) 
to eschew all but logical deduction through- 
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out the whole course of our life, in all situ- 
ations. Instead, we have hardly turned our 
backs on the geometry class until we face 

the very next hour—a class in algebra. 
Do we then transfer this logical-reasoning 
training to that class? Why—not at all! 
There are no axioms this hour! We simply 
decide—in this class—that things are true 
because they appear to be reasonable; and 
logic is forgotten! We multiply two nega- 
tive numbers to obtain a positive number, 
giving at most some illustration of some 
isolated instance. What was to last a life- 
time did not last one hour! 

Does logical-reasoning training transfer 
to law? I do not know. But I do know that 
vears and years of repetition of logical de- 
duction in geometry classes does not seem 
to cause the teacher (let alone the pupil) 
to worry about logical deduction in classes 
in algebra. Shall we expect more of the 
student who sees geometry for only a 
single year? Shall we expect transfer to 
law when it is absent from algebra? 

Perhaps you will point out that the two 
subjects—geometry and algebra—are dif- 
ferent, and that the methods of geometry 
do not apply to algebra. Is then law more 
closely related? You are aware, I think, 
that careful systems of axioms do exist for 
algebra, and that the facts of algebra can 
be deduced logically from them in the 
same sense that the facts of geometry are 


deduced from the axioms of 


geometry. 
These situations are therefore far more 
identical than are the situations in geome- 
try and in law, for there are no carefully 
prepared sets of axioms in law from which 
the facts can be deduced logically. 

Let me descend, however, to a case of 
more distinet identity in geometry and in 
algebra. In geometry, we often discuss 
with minute care the so-called incommen- 
surable cases: that, for example, two ares 
may not have a common measure. Two 
segments of straight lines, for example, the 
heights of two rectangles, may be “incom- 
mensurable.”” Often we maintain that 
nobody can comprehend (say) areas of 


rectangles, who does not know how to deal 
with these cases. 

Are there no “incommensurables”’ in 
algebra? Is the square root of two less 
“inecommensurable” than is the diagonal 
of a unit square? 

You observe, of course, that I have now 
reached complete identity, for the diagonal 
of the unit square is entirely identical with 
\/2. Yet no one ever bothers to talk about 
the amazing character of \/2 in a course in 
algebra! Why? Does the training in deal- 
ing with incommensurables in geometry 
“transfer,”’ mind of the 
identical 


even in the 
..to the incommen- 
surables in the algebra book? It does not. 
In fact, the authors of textbooks on ge- 


teacher? . 


ometry who have stressed most insistently 
the so-called “proofs” of the incommensu- 
rable propositions are the very ones who 
have most completely ignored the same 
considerations in their own textbooks on 
algebra! Finally, lest anyone suppose that 
I am arguing for the introduction of the 
same fallacious proofs into books on alge- 
bra, let me remark that I have joined 
publicly with those who have recom- 
their elimination from 
in geometry: notably the Report of the 
(‘ommittee on the 


mended courses 
teorganization of See- 
ondary-School Mathematics. My purpose 
here has been to demonstrate that in- 
sistence upon these proofs in the texts on 
geometry has not transferred, either in the 
minds of the teachers nor of some of the 
most emphatic authors to the identical 
problem in their own courses in algebra. 
Shall I mention other instances of fail- 
ure of transfer? May I mention at least a 
few which happen to have occurred to me? 
In algebras, it is common to factor y"—.2" 
+2", In 
the same book (this time not even in a dif- 
ferent book) we teach that the sum of a 
geometric progression is 
1+2+2'?+ 


into y—az and y™!+y""r4+ 


~ +o" 1=(1—2")+(1—2). 
May I ask how many of you have noticed 
that these formulas are identical? They 
are identical, if only we set y= 1. Shall we 
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expect, without fail, that students will 
“transfer” these trainings to the study of 
such subjects as the study of compound 
interest on money? It is true that the for- 
mulas for compound interest are actually 
geometric progressions. Is that facet, that 
is, that the subjects concerned contain 
“identical elements”’ sufficient to ensure 
“some degree of transfer’? Without spe- 
cific guidance? If it is, then each of you 
should have made the transfer from the 
factoring formula to the geometrie pro- 
gressions, and you have indicated by your 
nods of your heads to my question that 
you did not make that transfer without 
guidance, that is, until I had pointed it 
out to you just now. 

The formula (r+a)(y+b) is taught un- 
der factoring in algebra. You—teachers 
often consider at a different place in your 
teaching how many figures should be kept 
when you (or your students) are multiply- 
ing together two numbers that are subject 
to error: thus if a measured reactangle has 
sides 5.8 ft. by 7.4 ft., the area is 42.92 
sq. ft. You are accustomed to tell students 
to throw away the last ‘2’. Has it oe- 
curred to you to use the formula stated 
just above? You know that such a meas- 
urement as 5.8 ft. indicates that the last 
figure given is accurate to within ‘5’ in 
the next place of decimals. The numerical 
problem stated above is therefore really 
(5.8+0.05)(7.4+0.05), possibly; and the 
possible error is therefore (by the factoring 
formula) perhaps as great as 0.66; why 
announce the result, then, as 42.9? The 
digit ‘9’ is surely definitely very uncer- 
tain. However, the real point is that you 
may not have “transferred’’ the oft-re- 
peated formula for (x+a)(y+b) even to 
this easy business of the multiplication of 
numbers. 

4. Teaching for Transfer of Training. It 
seems to me that we cannot reasonably 
expect more of the students than we find is 
true of ourselves. We cannot hope that 
they will think of applying (x+a)(y+b) to 
find out how many figures to keep in a 
multiplication unless all teachers have seen 


the same opportunity for ‘transfer.’ I 
mean, of course, without having some- 
body explain the point: the obvious con- 
clusion that I draw is that we should 
explain not only this point, but many, 
many, similar opportunities for ‘‘trans- 
fer.”’ We should, in fine, teach for transfer 
of training, by many, many instances ot 
this specifie sort which show valid oppor- 
tunities for transfer. 

We cannot hope that the student will 
apply (or will even see the possibility ot 
applying) geometrie progression (or, what 
is the same thing, the factoring of l—r’ 
to the problems of compound interest if the 
teachers have not transferred even from 
factoring to geometric progression. We 
can not hope that the student will trans- 
fer the habit of deductive reasoning to his 
whole life if the teachers have not carried 
it from one class into the next one. Guid- 
ance, actual teach!ng, is required to assur 
the simplest possible carry-over of this 
type. 

It appears to me, therefore, that w: 
shall get very little such “‘transfer’’ unless 
we make it a part of our business to teac/ 
it: every day and at every opportunity, in 
large matters, and in small numerical in- 
stances. 

Is this ‘‘out of our field’’? Is it “leaving 
the serious part of the subject’’? Shall we 
take the time away from ‘‘more important 
things” if we show the students in no hazy 
way how to transfer what they are learn- 
ing to other matters? I think it is a part of 
our business to do these very things. I be- 
lieve that if we do not do them, the effec- 
tiveness of our training is lost to a very 
surprising degree—to an extent not com- 
monly recognized. In fact, I think it is far 
more vital for us to teach the student how 
to transfer his training to different fields 
than it is to go through all details of all 
logical proofs. 

Thus, I would sacrifice the proof that 
(—a)(—b)=ab, without much compunc- 
tion, in order to gain time to bring out 
some of the possibilities of transfer that | 
have mentioned. The proofs given are usu- 
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ally bad, anyway. But I would like to have 


the student shown that 5.87.4 really 
(5.8 +0.05)(7.4 
+ (0.05), and that the result may therefore 
be anywhere between 42.26 and 43.58; in 


means a possibility of 


doing so he will effectively use the fact 
that (—a)(—b)=ab; and he may then 
really begin to appreciate that rule. 

I would not hesitate to sacrifice the (for 
the most part fallacious) ‘‘proofs’’ of the 
so-called incommensurable cases in ge- 
ometry in order to get time to show, for 
example, the ‘‘transfer’’ from the triangle 
propositions to the question of the rigidity 
of a bridge-framework, or to the proper 
bracing of a shelf, or a table-leg. 

I would be willing to sacrifice some of 
the intricate proofs about fractional ex- 
ponents in order to show him the connee- 
tion with logarithms, and how they work. 

In this brief hour, I cannot present to 
you every such instance. You must your- 


selves attempt to discover them. Such dis- 


yy 


eo) | 
~ 


covery is not easy, though it may appear 
to be so after the possibility of transfer is 
pointed out. The reason that it is not easy, 
is precisely because it is a case of that 
transfer of training, which does appear to 
be so strangely hard. Nevertheless, you 
will discover many, many such cases if you 
will appreciate that zt 7s your business to 
to do so, and if you will bend your will 
whole-heartedly to the discovery of them 
and to the transmission of them to your 
students. 

In general, not for their so-called “prac- 
tical values,” but distinctly because the 
transfer of training in mathematies is far 
from easy, I would like, at every point in 
mathematies, to show the student, not 
vaguely, but in definite detail, Just how 
what he has learned can be transferred to 
other fields, to life, to his own life. Such 
is, in my opinion, Our maximum task in 
the teaching of every branch of mathe- 
matics. 
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Let’s Face the Facts 


By Haru R. Dovauass 


Professor of Secondary Education 


University of Minnesota 


For a generation there has been con- 
siderable ferment with respect to the place 
and content of mathematies in the high 
school curriculum. Two central issues have 
been prominent: (1) Does mathematies 
as now taught constitute a more suitable 
content for the education of the great mass 
of high school pupils than other subject 
matter which might be substituted in its 
place? (2) Should the content of high school 
mathematies be thoroughly re-organized? 

It is not the purpose of this paper to 
discuss the merits of any position which 
may be taken with respect to the first is- 
sue, but merely to point out that it is an 
issue—so much an issue that were it not 
for college entrance requirements, it is 
quite likely that not one pupil in four 
above the eighth grade would include 
mathematics in his program. 

With respect to the second question; 
namely, “Should the content of high 
school mathematics be re-organized,”” it 
would seem that it is not only a question 
of ‘‘should”’ but also one of ‘‘must.”’ It 
is to that problem that the major portion 
of this discussion will be directed. 

Let us begin by reviewing certain statis- 
tical facts. The estimated enrollments in 


public secondary schools have increased 
as follows: 
eee 519,000 
Eee 915,000 
ee 2,200 , 000 
eee 4,400 , 000 
IR he atartdy- aces 6,100,000 


In 1900, 56.3% of the 519,000 pupils in 
public high schools were studying algebra. 
This means that practically all freshmen 
were studying algebra and that there were 
perhaps one in four or one in three of the 
other classes also studying second year 
algebra. In 1935, instead of 56.3%, there 


are slightly more than 25%, or one in four’ 

In 1900, 27.4% of all high school pupils 
were studying geometry. This means that 
practically all students studied geometry 
in either the junior or senior year. In 1935 
less than 15% of the pupils in high school 
are studying either plane orsolid geometry. 

While the 
pupils studying algebra and geometry has 


percentage of high school 
decreased, the number has increased very 
greatly. In 1900, only 291,000 pupils were 
enrolled in algebra, but in 1935 more than 
a million and a half pupils were so en- 
rolled. Comparable figures for geometry 
reveal a like growth. This is attributable 
to the tendency to make secondary educa- 
tion universal. It is of great significance 
to those interested in the teaching of 
mathematies that high school enrollments 
have just about reached the saturation 
point. 

It seems most probable that future en- 
rollments in high school will probably be 
little, if any greater than they are this 
year. The depression with its effeet upon 
employment and the relief measures o/ 
the state and federal governments have 
kept enrollments up. With the return ot! 
‘““prosperity’’ we may expect to see more 
youngsters leaving to work. A decreasing 
birth rate will also soon affeet the situa- 
tion. There are already fewer children in 
every elementary grade up through the 
fifth than were in those grades two years 
ago. In three more years the high school 
will experience the effects of this phenom- 
enon. In the past we have been experi- 
encing a rapidly increasing high schoo! 
population and a slowly, though steadily, 
decreasing per cent taking high school 
mathematics. In the future we seem cer- 
tain to experience a stationary or decreasing 
high school population along with a decreas- 
ing per cent studying algebra and geometry. 
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It will be useful also to note that the 
per cent of pupils taking mathematies 
after a year of algebra and one of geometry 
is but a fraction of those enrolled in the 
first two years. This may be safely attrib- 
uted, for the very large part, to the fact 
that for entrance to most schools or col- 
leges, two years of mathematics, no more 
and no less, has been required for en- 
trance. Illustrative of this shrinkage are 
the following figures for the state of Min- 


nesota: 


Enrollments in high school mathematics, 
Minnesota (to the nearest 100) 


First year Algebra . 16.600 
Plane Geometry 12,700 
Second year Algebra 2,400 
Solid Geometry 1 600 
Trigonometry 500 


It is useful but not pleasant to speculate 
upon what might happen if Minnesota 
colleges no longer required two years of 
high school mathematies. It is a most 
pertinent faet that colleges in this area 
have already begun to relax their require- 


ments in mathematies. It is no longer 
necessary to present any units in mathe- 
maties for entrance to those divisions of 
the University of Wisconsin which are not 
directly dependent upon algebra and 
geometry.* Northwestern University has 
also moved in this direetion. At the Uni- 
versity of Minnesota, the University Sen- 
ate last spring repealed its requirements 
of a specified pattern of high school credits 
for entrance, leaving it to each college to 


The third 
largest division of the General College of 


decide for its own students. 


the University, which receives students 
direetly from high school, almost  im- 
mediately mathe- 


announced that no 


maties would be required for entrance 


* The University of Wisconsin, however, 
does set up certain requirements in mathe- 
matics. They have “restricted”? or ‘‘unre- 


stricted” admission—the unrestricted type 
applying only to those who have included 
algebra and geometry in their preliminary train- 
ing. See Langer, R. E., ‘‘The New Mathematics 
‘Requirement’ at the University of Wisconsin.”’ 
The American Mathematical Monthly, April, 
1935, pp. 208-212.— Editor. 
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there. Most startling of all, the University 
of lowa, the lowa State College, and the 
lowa State Teachers College rescinded 
last year the requirement of mathematics 
for entrance to those institutions. Mathe- 
matics enrollments in Iowa this fall are 
reported to have suffered heavy losses 
with even greater losses in view for next 
year. The University of Southern Cali- 
fornia, Leland Stanford University, and a 
score of smaller institutions no longer re- 
quire high school mathematics for en- 
trance. The question is being agitated in 
many states and will be decided soon in a 
number of them including Oregon and 
Nebraska. 

It seems clear that this movement will 
spread fairly rapidly in the next decade. 
Within the past few years, from a number 
of carefully conducted studies, data have 
been reported with remarkable unanimity 
indicating that marks made in college 
seem to bear no relation to the pattern of 
subjects taken in high school. As illustra- 
tive of a score or more of similar studies, 
the results of a few will be stated briefly: 

At Colorado State Teachers College, 
Gebhart! reported that students with less 
than two units of mathematics made just 
as high marks considering their intelli- 
gence as those with two units and no more, 
in fact, a little better. 

At the same institution Stinnette? re- 
ports that those who lacked credits in 
mathematics or some other field required 
for entrance at the University of Colorado, 
University of Denver, or Colorado State 
College, did just as well as those who 
could three 
institutions. 

In the fall quarters of 1932 and 1933 
about a hundred freshmen who did not 
have the required pattern of entrance 
credits were admitted to the General Col- 


have entered one of those 


1 Gebhart, G. L., Relative Value of College 
Entrance Subjects. M.A. Thesis, Colorado State 
Teachers College, December, 1923. 

2? Stinnette, Roy L., An Evaluation of the 
Present College Entrance Requirements at Colo- 
rado State Teachers College. M.A. Thesis, 
Colorado State Teachers College, August, 1930. 








lege of the University of Minnesota for 
experimental purposes. Most of these stu- 
dents did not have as much as two high 
school units in mathematics. With respect 
to scholastic record this was of no material 
or significant difference in the achieve- 
ment of the experimental group and a 
comparable group of students in the gen- 
eral college who had presented the re- 
quired number of units.* 

In studies conducted by the author at 
the University of Oregon* and the Uni- 
versity of Minnesota, it was shown that 
there was no correlation between the num- 
ber of units taken in any given field and 
subsequent scholastic success in college. 
Similar results have been reported by 
Sorenson,® Brammel,’ Yates,* Bolenbaugh 
and Proctor,’ Michaelson,'® and Nelson.'! 

The practice of selecting of students for 


3 Kronenberg, Henry H., The Validity of 
Curricular Requirements for Admission to the 
General College at the University of Minnesota, 
Ph.D. Thesis, University of Minnesota, 1935. 

4 Douglass, Harl R., ‘“The Relation of High 
School Preparation and Certain Other Factors 
to Academic Success at the University of 
Oregon.”’ University of Oregon Publications, Vol. 
III, No. 1, September, 1931. 

’ Douglass, Harl R., Relationship Between 
College Marks and Amount of Credit in Different 
High School Subjects or Combinations of Subjects. 
Board of Admissions, University of Minnesota, 
1935. Mimeographed. 

6 Sorenson, Herbert, ‘“‘High School Subjects 
as Conditioners of College Success.”’ Journal of 
Educational Research, XIX: 182-192, April, 
1929. 

7 Brammel, Paris R., A Study of Entrance 
Requirements at the University of Washington. 
Ph.D. Thesis, University of Washington, 1930. 

8 Yates, J. A., “The Type of High School 
Curriculum Which Gives the Best Preparation 
for College.”’ Bulletin of the Bureau of School 
Service, University of Kentucky, Vol. II, No. 1 
September, 1929. 

® Bolenbaugh, Lester and Proctor, Wm. M., 
“Relation of Subjects Taken in High School to 
Success in College.”’ Journal of Educational Re- 
search XV: 87-92, February, 1927. 

10 Michaelson, Jessie H. and Douglass, 
Harl R., ‘‘The Relation of High School Mathe- 
matics to College Marks and other Factors Per- 
taining to College Marks and Mathematics.” 
School Review, XLIV: 615-19, October, 1936. 

1 Nelson, N. J., ‘‘A Study in the Value of 
Entrance Requirements of Iowa State Teachers 
College.”’ School and Society, 37: 262-65, 


’ 


February 25, 1933. 
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entrance to college on the basis of the 
pattern of subjects taken in high school 
seems to be indefensible, and confronted 
with the data from these studies, it is 
hardly that the majority of 
institutions will continue the 


possible 
custom. 
Many of the institutions in which those 
responsible for selling entrance require- 
ments would prefer for some reason or 
other to continue to specify certain units 
for entrance, will find that the pressure is 
too great to resist. There will be a strong 
tendency to meet the concessions made 
by other institutions with whom they 
must compete for students. 

To be sure, the student who wishes to 
enter some branch of engineering will find 
it absolutely necessary for the time being 
at least, to present for entrance at least 
a year of algebra and a year of geometry 
In addition, the student who enters college 
without at least a year of algebra will find 
it impossible to succeed in some courses 
and very difficult to sueceed in certain 
others. 

Nevertheless, certain conclusions are 
inescapable: (1) The number of colleges 
and universities requiring mathematics 
beyond arithmetic for entrance is decreas- 
ing and is likely to continue to decrease. 
(2) As a consequence, enrollment in high 
school algebra and geometry, unless re- 
organized in content so as to 
greater values for non-college preparatory 


possess 


purposes, will experience a very marked 
decrease. 

There are two alternative courses: (1 
to stand our ground and let the colleges 
do what they may and to trust to the 
general appreciation of mathematics and 
to a campaign of educating the public with 
respect to the values of algebra and geom- 
etry and (2) to begin immediately to re- 
organize the content and placement of 
high school mathematics so as to be able 
to maintain enrollments on the basis ot! 
the ‘‘practical” values of high school math- 
ematics. 

In my own mind there is little choice. 
I am certain that to follow the first course 
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is sure to result in the disappearance of 
geometry and perhaps algebra from the 
offerings of high 
schools because the number electing those 
subjects will be too small to warrant offer- 
ing sections in them.'? In the schools con- 
tinuing to offer algebra and geometry 
enrollments will shrink materially and 


thousands of small 


steadily every year for a number of years. 

We should not deceive ourselves about 
the matter. Parents give us much lip 
respect to the values of 
mathematies, but onee college entrance 


service with 
requirements are removed, parental in- 
sistence upon those subjects will hardly 
be comparable to what teachers of mathe- 
matics might reasonably expect in the 
light of the statements of parents of their 
belief in the values of mathematics. 

In the years past we have been guilty of 
some pretty loose thinking about the 
reasons why pupils should study algebra 
and geometry. Much ink and paper has 
been consumed by articles written on the 
educational values of these subjects —so 
much as to give the impression of whis- 
tling in the dark-—enough to suggest that 
mathematics teachers themselves had be- 
gun to have doubts and that they felt it 
necessary to keep each other’s courage up. 

It is frequently posited, for example, as 
a reason for teaching mathematies that 
we owe our glorious mechanical civiliza- 
tion and our knowledge of science, partic- 
ularly astronomy and _ physies, to ad- 
vanced mathematies. That these contribu- 
tions were made by a relatively small 
number of well trained people seems not 
to be remembered. With few exceptions 
those making the contributions on which 
we congratulate ourselves, received their 
secondary education prior to 1910. In 
1910, there were in high schools less than 
one sixth the number now attending high 
schools and less than half of these gradu- 
ated. In other words, it would, on the 


2 The median enrollment in high schools 
in the U.S. is very close to 105 and the me- 
dian number of pupils in the ninth and the 
tenth grades approximately 38 and 28 respec- 
tively. 
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basis of this claim, not be necessary to 
teach high school mathematics to more 
than about 10% of those in high school 
today. 

It will not be effective to attempt to 
defend our present courses on the basis 
of “transfer of training.’ Granting that 
there is considerable transfer, even as 
much as claimed in the ridiculous and 
juvenile statements sometimes made, it 
cannot be successfully maintained that 
there is distinctly more transfer than other 
subjects possessing, in addition, more 
directly practical values of the mass of 
high school pupils. Even were the experi- 
mental results of Thorndike™ on the mat- 
ter of the relative discipline value of the 
study of mathematics as compared to 
other subjects to be reversed by future 
investigation, it is not reasonable to expect 
that those considerations, however valid, 
will be appreciated by parents and pupils 
sufficiently to maintain enrollments. 

It seems practically certain that unless 
the content of high school mathematies is 
immediately re-organized before the sup- 
porting braces of college entrance require- 
ments are withdrawn, we will experience 
a deflation very similar to that which has 
occurred in Latin. The Latin people were 
similarly warned, but they chose not to 
listen though it is quite possible that, un- 
like mathematies, Latin possessed little 
possibilities in the way of revision better 
to fit the needs of the high school pupils. 

At any rate, the Latinists chose to de- 
fend the status quo and to belittle their 
critics. Beginning about 1920, they be- 
came really alarmed. Latin students were 
not increasing in the proportion as were 
students in other fields. Since that time, 
frantic efforts have been made to “re- 
organize’ and to sugar coat their subject. 
The new textbooks are markedly different 
from those which prevailed for a hundred 
years previously. But it was too late, the 

13 Thorndike, E. L., in Journal of Educational 
Psychology, 15: 1-22; 83-98; reports no signifi- 
cant differences between various high school 


subjects in their contribution to general mental 
abilities. 
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swing was too well under way to be 
stopped. In 1900 more than sixty per cent 
of the students in secondary schools were 
studying Latin. In 1935 the figure is less 
than twenty per cent. 

Even were we willing to stand by and 
see enrollments in mathematics experience 
a similar nose-dive, there are other reasons 
why we should attack the problem of re- 
organizing the curriculum. Mathematies 
has come to play a much larger part in the 
life of people today than formerly——in 
agriculture, in investments, in purchasing, 
in problems of diet, in shopwork, in bor- 
rowing money from “‘loan’’ companies, in 
“finance” plans and installment buying, in 
home planning. In addition, 
among the six and a half million high 
school students today a far greater pro- 


there is 


portion of boys and girls who will be 
clerks, mechanies, factory workers, house- 
wives, farmers, workers in what we class 
the lower vocational classifications as com- 
pared to professional and high grade busi- 
ness executive categories. These people 
constituting probably seventy-five or 
eighty per cent of the freshmen and 
sophomore classes in high school, as well 
as those who will go to college, require the 
extension of arithmetic, geometric con- 
structions, intuitive geometry and for- 
mula-equation algebra rather than college 
preparatory algebra and demonstrative 
geometry. 

There is a very definite and pressing 
need for instruction in the applications of 
arithmetic and simple algebra to life 
situations which require quantitative 
thinking, much beyond that now offered 
in arithmetic as taught in grades seven 
and eight. Considerable of the material 
now taught in grade eight should be 
transferred to grade nine and taught to 
pupils who are a year more mature and 
understand better the business, industrial 
and scientific background of the mathe- 
matical computation. 

This is not the place to present a de- 
tailed outline of the re-organized course 


for grades 7, 8, and 9. I have in my files 
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several such outlines. In the Minneapolis 
schools, as well as a few other centers, 
similar tentative outlines have been de- 
veloped. They are of two types: (1) op- 
tional course in ninth grade mathematies 
and (2) a required core for grades 7, 8 
and 9. 

In the “optional” plan, instruetion in 
grades 7 and 8 is the same for all students 
rather is usually 
taught in these grades. In the ninth grade 
two courses in mathematics are offered: 
2) the 


preparatory — or 


and similar to what 


(1) algebra and “optional” non- 


college “consumers” 
mathematics consisting largely of arith- 
metie and the simplest and most practical! 
phases of algebra. 

In the “required core’? plan, which 
seems to me to possess very decided ad- 
vantages, but one ninth grade course is 
offered. The courses in seventh and eighth 
grade mathematics are re-organized, ad- 
mitting new and additional material relat- 
ing to applications of arithmetic to home, 
shop, farm, store, health, transportation, 
ete., and also involving a shift of a few 
topics from the seventh to the eight! 
grade and several from the eighth to the 
ninth grade. In the ninth grade appears 
some material shifted over from the eighth 
grade, with more complicated and _ life- 
like problem material, some new topics 
not now taught in arithmetic, much us: 
of the formula and simple equation, simp| 
statistical method as applied to situation: 
frequently met, and brief exploratory sec- 
tions in algebra and geometry. 

This three year sequence should be re- 
quired of all students. In the tenth grade 
following such a sequence should be given 
an elective thorough course in algebra, 
completing ‘‘first year’ algebra and also 
including intermediate algebra. With the 
start already made in algebra in the re- 
quired junior high school sequence, and 
the more select and more mature tenth 
grades as compared to ninth graders now 
studying algebra, this should be easily 
possible. Similarly in the eleventh grade, 
plane and solid geometry might well be 
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completed in one year, leaving the twelfth 
grade for trigonometry and advanced 
algebra. 

There are certain distinet advantages in 
such a plan as outlined above. Chief of 
these are: 


1. A 


junior high school mathematies for all 


much more effective course in 
students, college preparatory and non- 
college preparatory. 

2. The greater mastery of algebra cer- 
tain to result from the favorable condition 
afforded in the form of a select mature 
group in the tenth grade. 

3. The greater mastery of algebra re- 
sulting from the additional half year of 
intermediate (elementary) algebra. 

1. The lessened time elapsing bet ween 
the completion of algebra and college en- 
trance. 

5. The postponement of algebra as such 
to the senior high school where it will in 
many instances be taught by better pre- 
pared teachers than those in the junior 
high school. 

6. A favorable effeet upon enrollments. 

The last 


some detail. Where the required course 


named advantage requires 
plan is employed enrollments in the ninth 
grade are certain to be greater by from 
25% to 50% than enrollments in algebra 
now in that grade and probably two to 
five times as great as enrollments after 
algebra is no longer required for entrance 
to arts colleges. In the tenth grade the 
iumbers enrolled in algebra would surely 
be greater than 


would be enrolled for 


geometry should algebra be continued 
in the ninth grade and geometry in the 
tenth. In the eleventh grade there should 
be many more enrolled in geometry than 
would otherwise be enrolled in whatever 
courses as may be offered beyond geom- 
etry in such schools as would offer any. 
In the twelfth grade it is difficult to specu- 
late with any assurance. 

It may also be of some interest that the 
large majority of professors of engine®fing, 
if the score or so with whom I have dis- 
cussed the matter may be taken as a reli- 
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able sample, prefer distinetly that all their 
students have had a year of combined 
plane and solid geometry than to have 
some students attempting to make up 
solid geometry during their college fresh- 
man year, and also that they would prefer 
an additional half year of algebra even if 
it means spending no more than a year on 
plane and solid geometry combined. 

It is clear to those who have attempted 
to remain in close touch with trends in 
thinking and practice in secondary educa- 
tion that the curriculum is just entering 
upon an era to be characterized by an 
unusual amount of re-organization. Re- 
adjustments to the new universal student 
body are long overdue. A re-awakening to 
the need for civic, economic and leisure 
education is accelerating the revolution. 
defi- 
nitely in the period of relaxation and col- 


College entrance requirements are 
leges are turning to measures of ability 
and forsaking patterns of exposure as a 
means of selecting their students. 

It does not seem wise for teachers of 
mathematies to shut their eyes and ears 
to these developments and their impliea- 
tions. It seems much more intelligent to 
attack the problem open-mindedly, with 
the objective attitude to the development 
of which the study of mathematies and 
science should contribute, and with ra- 
tional rather than emotional methods. At 
any rate, those of us who think we see the 
signs of the time would be derelict in our 
duty if we continued to tell teachers of 
mathematics what they would like to hear 
to the exclusion of what they ought to 
know. 

One is reminded of Jeremiah of biblical 
history who had a habit which the philos- 
ophers praised but his people disliked. 
He insisted upon telling the truth to those 
whom he thought it needed to be told. He 
was -despised, reviled and thrown into 
prison. 

But he was right. He warned his people 
not to trust to some vague and remote 
authority. He ridiculed them as being 
blind to developments, erying peace when 


* 
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there was no peace. His unwelcome 
prophecies came true. Jerusalem was cap- 
tured, the temple of Solomon destroyed 
and Judah driven into Babylonian bond- 
age. They knew then that the sour old 
prophet had been right. But it was too 
late, Jerusalem was gone and so was 
Jeremiah, the old joy-killer. 

Some of the ideas presented above have 
been presented to groups of mathematics 
teachers to my personal knowledge for 
ten years or more and they have often, 
particularly in the earlier years, been re- 
ceived with poorly concealed displeasure, 
often followed by a good old rabble-rous- 
ing pep talk by an optimist or opportun- 
ist. But already the walls of Jerusalem 
are crumbling. Some are rushing to build 
more substantial defenses, other stand by 
apparently either indifferent or panic 
stricken, others are still repeating time 
honored phrases of loyalty to the status 
quo long since bereft of meaning and 
validity, but which serve to shut out un- 
pleasant thoughts. There is still tire if we 
start now. 


Tuis article has been written from the 
point of view of the mathematics teacher 
as well as from that of one engaged in 
general secondary education. It has been 
written by one who has long been inter- 
ested in and associated with the teaching 
of high school mathematics; whose under- 
graduate teaching major was mathematics 
and who observed almost daily the teach- 
ing of mathematics for an additional ten 
years and who taught high school mathe- 
maties for six years; who devised three 
series of standard tests for algebra sold 


commercially for a number of years; who 
has twice reviewed and summarized for 
publication in the American Educational 
Research Association the research in the 
teaching of high school mathematies and 
is engaged in preparing a third report in 
that field; and who for ten years has been 
a member of the National Council of 
Teachers of Mathematics; who has met 
with and taken part many times in the 
programs of groups and clubs of mathe- 
matics teachers in Minnesota, 
Iowa, Nebraska and Illinois. These things 
are mentioned lest some may question the 
sincere appreciation of secondary school 
mathematics and keen interest and un- 
broken contacts of the author for more 
than twenty years with the problems of 
high school mathematics. 

Because of the blunt and often superfi- 


Oregon, 


cial and unintelligent nature of many 
criticisms of mathematics in the high 
school curriculum made by outside critics 
there has developed a tendency on the 
part of many teachers of mathematics to 
receive criticisms with more antagonism 
than understanding. Therein lies a danger. 
Unless we are willing to sell mathematics 
down the river in order that we can excuse 
ourselves from the intellectual efforts of 
revising the content of high school courses 
we must examine criticisms carefully and 
objectively. We must survey recent 
current developments and trends _ thor- 
oughly and be guided by what we see. It 
seems that the day is over when an united 
front of opposition rallied around the de- 
fense of the status quo will suffice. Newer 
and greater problems perplex us than ever 
before. We must face the facts and make 
appropriate adjustments. 


and 





... Many will recall samples of Barrett Wendell’s wit, among others an unusually 
good pun. He was constructively on a leave of absence and appeared at a department 
meeting. A colleague remarked that he should not be present, that he was non est; 
whereupon Wendell flashed back: ‘‘A non est man’s the noblest work of God.””—ARTHUR 


Lyon Cross, in The Michigan Alumnus. 
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An Historical Excursion 


By A. J. Coox 


University of Alberta, Edmonton, Canada 


My 


YOUTHFUL education was rather 
sadly neglected; no doubt, chiefly the re- 
sult of my own obtuseness. At any rate I 
seemed to have moved for a long period 
within the penumbra of mathematies. 
Some considerable time elapsed, in spite of 
my interest in the subject, before it be- 
came apparent to me that mathematics 
was cultural in its quality, that the sci- 
ences were, or at least should be, humani- 
ties, and that the feud that seemed so of- 
ten to rage over so-called literary and so- 
called seientifie matters was a battle of 
prejudice, at least as much as a battle of 
wits. 

Perhaps I became first conscious of the 
sheer wealth of the mathematical tradi- 
tions in listening to some lectures of Pro- 
fessor W. F. Osgood on The Theory of 
Functions of a Complex Variable. His com- 
ments on the people behind the theory 
had a vital quality, which usually served 
to enhance one’s interest in the theory it- 
self. 

For various reasons chiefly, though I do 
not think wholly, personal, the thing I had 
begun to see was not fostered during a 
rather protracted and interrupted period 
of graduate study. I hungered to read at 
least a few of the masters, but there never 
seemed to be time enough left over from 
lecture courses. Nor did the subsequent 
roll and pitch of teaching encourage the 
thought, though I never lost the longing to 
visit some of the historical sites of mathe- 
matics, 

An opportunity to do this very thing 
presented itself recently. Three or four 
months ago, when cogitating upon the 
connections between projective and met- 
rie geometry, it occurred to me that I 
might try to ferret out what the Greeks 
knew about projective matters. 

I spent a morning browsing around the 
library, dipping into books on Greek ge- 


63 


ometry and architecture, on geometrical 
optics, mathematical history, modern ge- 
ometry, etc. The book that came home 
with me was Chasles, Aperqu Historique.' 
I read the historical part of the book 
through in the next few days and enjoyed, 
in the phrase of R. C. Archibald, a ‘‘thrill- 
ing intellectual experience.”’ An A pergu in- 
deed! An aeroplane chartered at zero cost; 
a continent surveyed, known previously 
to me only by the place names. 

It seemed clear that the next step was 
detailed appreciation, and so notes on the 
first period were begun.’ 

It was not long before Heath’s monu- 
mental history of Greek mathematics was 
beside me, enabling me to expand and to 
amend the brief observations of Chasles.* 

Here follows a list of things which were 
news to me: 


(a) The origin and probable first con- 
structions of the conic sections. 

(b) The extent of Euclid’s writings on 
conics. 

(c) The proofs of Apollonius of the ordi- 
nate properties of the conics. 

(d) The Pythagorean origin of the words 
parabole, ellipsis, hyperbole, and their 
use by Apollonius. 

(e) The setting of the three classical prob- 
lems of Greek geometry, within the 
Greek story. 

(f) The origin of the method of exhaus- 
tion; the detail of its application by 
Archimedes. 

(g) The nature and mystery of the Por- 
isms of Euclid. 


1M. Chasles, Apercu Historique sur Vlori- 
gine et le développement des méthodes en géo- 
métrie (Paris, Gauthier-Villars, 1889). 

2 Chasles divides the history of geometry 
up to his day into five periods of which the first 
extends from Thales (—659-—548) to Proclus 
(412-485). 

3T.L. Heath, History of Greek Mathematics, 
2 vols. (Oxford Press). 
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Now it so happened that at about this 
time summer school at the university 
found me with a class of thirty-five in an- 
alytical geometry and the calculus. What 
I had freshly learned seemed to me to have 
possibilities for these students—many of 
them rural high school teachers. Yet I re- 
solved to be sparing in my enthusiasm, 
for our teaching time totalled forty-five 
hours, and students had to be prepared in 
that period for their winter home study. 

I began the course with a diagram, 
shown below: 


—_ 





PEACHER 


two of these were brief reviews of two 


books, one on mathematies in ancient 
Greece, and the other on the history of 
Joth of these 


talks were given by students who were 


Kuropean mathematies.® 


frank to admit the many things they had 
not yet appreciated. Thus the first speaker 
confessed he did not know what it meant 
to square a cirele, nor did he see why an 
angle could not be triseeted. What struck 
me most forcibly about these talks was the 
which each 
After the second 


possibility of “research” 


speaker set before us. 


r ————- 
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The diagram was intended to be a rough 
picture of the extent of the creative pe- 
riods in mathematies (and the sciences). 
Then followed a very brief outline of the 
origins of Greek geometry, of the growth 
of algebraic symbolism, and their explo- 
sive union in the work of Deseartes and 
Newton. 

We then proceeded on our analytie way, 
but not before the definitions of Viete of 
the Analytie and Synthetic methods were 
written on the board in the words of 
Chasles (Apergu, p. 5).4 

The translation was made there and 
then by one of the students; the meaning 
came later. 

From the start of the course books were 
brought to the class-room for brief exhibi- 
tion, including the Rhind Papyrus, the 
Elements of Kuelid, the conie sections of 
Apollonius, the geometry of 
and Newton’s Principia. 

Four historical talks were planned, to 
be given at appropriate times. The first 


Deseartes, 


4“Tl est en mathématiques une méthode 
pour la recherche de la vérité, que Platon passe 
pour avoir inventée, que Théon a nommée 
analyse et qu'il a définie ainsi: Regarder la chose 
cherchée comme si elle était donnée, et marcher, 
de conséquences en conséquences, jusqu'a ce que 
l'on reconnaisse comme vraie la chose cherchée. 
Au contraire, la synthese se definit: Partir d'un 
chose donnée, pour arriver, de conséquences en 
conséquences, a trouver une chose cherchée.”’ 


talk for instance in which the speaker 
made a passing reference to the invention 
further 
information on the matter. When brie! 


of logarithms, one man sought 


mention was made of arithmetic and ge- 
ometri¢ series, the enquirer remarked that 
he began—as teacher —to sense for the 
first time the significance of series i 
mathematics. 

The third of the talks was given afte: 
the analytic approach to the econies had 
been completed, and comprised: (1) thi 
origin of the conies, (2) the development 
of the ordinate properties by the method 
of Apollonius. 

The 


man said: ‘*Those proofs are simple enough 


responses were interesting. On 
for a high school boy to understand, and | 
don’t see why he shouldn’t have them; 

that was a revelation!’ Another said: 
“A couple of us were discussing the de- 
What struck us 
was the fact that although we had studied 
a little in Greek History and Philosophy, 
these things were never mentioned. W+ 


velopment you gave us. 


wondered why we had not heard of sue! 
genius before.” 


The fourth talk was planned to tak 


5 J. L. Heiberg, Science and Mathematics 
Classical Antiquity, (Oxford Press). J. W. 
Sullivan, The History of Mathematics in Europ 
(Oxford Press). 
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place after the introduction of integra- 
tion as a process of summation, to illus- 
trate the Method of Exhaustion as applied 
by Archimedes. As it happened, there was 
time only to indicate briefly the scope and 
nature of the work of Archimedes; the 
detail of the theorems of Archimedes had 
to be omitted. 

\ly experience with this class has satis- 
fied me that the four hours out of a pos- 
sible forty-five hours were well spent on 
background materials, which were not 
“in the text-book.”’ Moreover, I am _ re- 
solved to practice book exhibits as a regu- 
lar part of class-room routine.® 

Perhaps enough has been written to 
indicate the stimulus and interest which 
accrued from a rather brief excursion into 
the history of elementary mathematies. 

6 Incidentally, two-thirds of the class placed 
orders for R. C. Archibald’s Outline of the His- 
tory of Mathematics (Mathematical Association 
of America), after having read a description of 


it in the Mathematical Monthly 


1956, p. 385 


June July, 


What, one may ask, of the original query? 
The first part of the answer lies in (g) of 
the earlier list. Kuclid’s three books of 
Porisms were probably ‘‘propositions be- 
longing to the modern theory of trans- 
versals and to projective geometry” 
(Heath, vol. I, p. 436). This inference is 
due to Chasles, and is based on work that 
is historically important “because it was in 
the course of his researches on this subject 
that he (Chasles) was led to the idea of an- 
Heath, vol. I, p. 436). 


The rest of the answer lies directly 


harmonie ratios” 


ahead. The exploration of the first period 
is still incomplete. The Collection of Pap- 
pus remains to be examined, even if we al- 
ready know something of its significance. 
These things, howe er, are but beginnings. 
The remaining four-fifths of the landscape, 
Chasles, beckons the 
traveller. A wealth of fascinating detail 


as depicted by 


awaits disclosure, for Chasles’ sketches of 
the work of Desargues, Paseal, Fermat, 
and the rest are-enticement and invitation. 








Mathematics and the Healing of Wounds 


CrerTAIN phenomena express a general modification of the organism. For example, 
the rate of healing of a superficial wound varies in function of the age of the patient. 
It is well known that the progress of cicatrization can be calculated with two equations 
set up by Lecomte du Noiiy. The first of these equations gives a coefficient called index 
of cieatrization, which depends on the surface and the age of the wound. By introducing 
this index in a second equation, one may, from two measurements of the wound taken 
at an interval of several days, predict the future progress of repair. The smaller the 
wound and the younger the man, the greater the index. With the help of this index, 
Lecomte du Noiiy has discovered a constant that expresses the regenerative activity 
characteristie of a given age. This constant is equal to the product of the index by the 
square root of the surface of the wound. The curve of its variations shows that a twenty- 
year-old patient heals twice as quickly as a forty-year-old one. Through these equa- 
tions, the physiological age of a rman ean be deduced from the rate of healing of a 
wound. From ten to about forty-five years, the information thus obtained is very defi- 
nite.. But later, the variations of the index of cicatrization are so small that they lose 
all significance. —_ALEXx1s CARROL in “Man the Unknown,” pages 167-8. 











Ils Mathematics Teaching on the Secondary Level on the Spot? 


By W. J. Kvopp 
Supervisor of Secondary Schools, Long Beach, California 


IN BEGINNING the 1935 and 1936 series 
of Educational Symposia on the second- 
ary level, for the various departments, it 
occurred to me that it would be quite in 
harmony with trends in progressive educa- 
tion, to have each department take for its 
major theses for discussion, certain defi- 
nite outcomes which we have a right to 
expect as a result of experiences provided 
by the secondary schools. 

I feel now that I am not asking too 
much of departments on the secondary 
level to react to the following theses in the 
light of their own subject matter, wherein 
the child finds himself experiencing. I feel 
especially justified in making these re- 
quests on the grounds that education is 
conceived of as a gradual, continuous and 
unifying process, meaning, of course, that 
education begins at births and ends with 
death, and that during the conscious 
hours of any individual, the educational 
process is in operation. Since we become 
educated through learning, and since 
learning is experiencing, and experiencing 
results in the modification of behavior, 
there appears to be no other alternative 
for the teacher of any subject than that of 
placing greater emphasis upon the out- 
comes expressed in terms of understand- 
ing, appreciation, interest, habits, and 
skills. We might add to these outcomes, 
however, the postulate that while the 
child is experiencing within any medium, 
it should be possible for him to make 
conscious evaluations of his own experi- 
ences. To this end, then, we have framed 
the first thesis to read as follows: 

How May a Child Gain Certain Under- 
standings, Appreciations, Skills and In- 
terests Through the Medium of Mathematics 
by Means of Which He May Evaluate His 
Own Experiences? 

Dr. E. R. Hedrick, Professor of Mathe- 
matics of the University of California at 


Los Angeles, presented this theme to 
about sixty teachers in the junior and 
senior high schools and the junior college. 
Dr. Hedrick pointed out to the group his 
startling observation that mathematics 
teachers were practically teaching proc- 
esses and the application of principles 
without being concerned with the meaning 
of either experience. For example, he 
asked the group whether in the teaching 
of the linear equation it ever occurred to 
them that there were very specific situa- 
tions in life which would be natural to 
the average child, and which might be 
used to illustrate the place and the true 
function of the linear equation in life. He 
admitted that it was a difficult thing for 
the average instructor in mathematics to 
think of enough life situations which 
might be revealed to a class engaged in 
the study of the linear equation or the 
simple quadratic, or factoring certain 
mathematical expressions, so that all of 
these experiences might have more signifi- 
cant meaning to the average child. 

I think the group agreed, without ques- 
tion, that the present method of instruc- 
tion in the senior high school, as well as 
the junior college, was quite adequate to 
pass examinations and receive grades for 
admission to a senior college or university, 
but that in both cases the child learned 
very little about the meaning and true 
function of mathematics as related to life. 

Dr. Hedrick made a very definite plea 
for a richer list of illustrations of life 
situations, to give fundamental mathe- 
matical principles and concepts more sig- 
nificant meanings to the child, and he 
made a further plea to all mathematics 
teachers to endeavor to give the child a 
richer background of mathematical con- 
cepts and mathematical experiences, and 
put aside the unwarranted notion that the 
university requires that all teachers pre- 


66 








S 





IS MATHEMATICS TEACHING ON THE SPOT? 67 


pare all students for entrance in these 
higher institutions of learning. 

The second symposium theme was pre- 

sented by Dr. L. D. Ames, Professor of 
Mathematics, University of Southern 
California, and stated as follows: 
How May Good Thinking Be Developed in 
theChild Through the Study of Mathematics? 
meaning, of course, good thinking from 
the standpoint of scientific thinking, ac- 
curate and valid thinking, as well as 
thinking on a higher ethical plane. Dr. 
Ames bemoaned the fact that in our 
mathematics instruction on the secondary 
level, we departed from the old Euclidian 
idea and divested all mathematical teach- 
ing of all form of logic until the subject 
matter has become so diluted as to be ab- 
solutely without value. Dr. Ames stressed 
the fact that too much of the mathematics 
instruction in the secondary schools con- 
sisted in the solving of problems to meet 
the requirements of assignments by the in- 
structor for the ability to pass examina- 
tions which followed the series of assign- 
ments. I think he expressed his idea on 
the theme quite clearly by stating that the 
only contribution the mathematics teach- 
ers were making to the child’s equipment 
was through developing ability to follow 
directions, and that little thinking was re- 
quired in the present methods of instruc- 
tion. However, he pointed out the possi- 
bility of developing not only the good, 
valid, scientific thinking through the 
medium of mathematics, but also ethical 
thinking because of the infinite relation- 
ship of elements in all types of life situa- 
tions which have mathematical signifi- 
cance. He, too, made a very dynamic ple: 
for a richer background of illustration by 
the teachers of mathematics, to be offered 
to the students on the secondary level. 

The third thesis presented for the eve- 
ning, was presented by Dr. Skarstedt of 
Whittier College, and was entitled: 

How Does the Study of Mathematics Con- 
tribute to the Growth of Children Toward 
Emotional and Social Maturity? 

Dr. Skarstedt made it very clear to the 
group that learning and experiencing in 


the field of mathematics embodied all the 
essential elements of cultural growth, both 
in the realm of the emotional and the 
social, and that the child who became con- 
scious of a power to solve problems and 
ascertain their meaning, was equally 
conscious of growth toward maturity. 

It seemed to me that the entire sym- 
posium was unique and exceedingly stimu- 
lating because it evoked a different type 
of reaction from the average teacher of 
mathematics than was true in previous 
conferences where we discussed method 
and content. I am absolutely conscious, 
after this experience, which followed the 
experiences of four other departments, 
discussing the same themes, that this is an 
opportune time to present to teachers on 
the secondary level these outcomes for 
consideration in the light of their own 
subject matter, in order that the teachers 
of today might focus their attention a 
little bit more clearly and more resolutely 
upon the child, and observe the child’s 
reaction to his experiences in any specific 
field. We may then discover just how he 
evaluates those experiences for himself. 

I certainly would be the last one to say 
that mathematics is put on the spot by 
progressive education leaders, because I 
am conscious of the fact that mathematics 
is playing just as important a part in the 
life of a child’s growth and development as 
any other single subject in the entire cur- 
riculum. However, I feel that every aca- 
demic subject is on the spot insofar as 
making the desired contribution to the 
growth and development of the child is 
concerned. We must re-emphasize the 
value of outcomes so that with the goals 
clearly in mind we may guide the learning 
process more carefully and economically 
for the child toward the realization of 
these ideal goals. 

It is my plea to all teachers of mathe- 
matics, that we give greater emphasis to 
meaningful experiences and less emphasis 
to the solution of problems. Problem solv- 
ing is a valuable experience, but abso- 
lutely without merit if there is no meaning 
ascribed to the experience. 











The Failure in Required Mathematics at Hunter College 


By LauRA GUGGENBUHL 
Hunter College, New York, N.Y. 


INTRODUCTION 


DuriNnG the Spring of 1934, plans for 
the revision of the curriculum at Hunter 
College were initiated. Questionnaires, ask- 
ing for expressions of opinion concerning 
a “hypothetical curriculum” were dis- 
tributed among members of the staff. 
There was a great deal of discussion with 
repeated references to the student who 
“simply could not do mathematies.” It 
was surprising to see how many members 
of the staff believed that there was a 
person, of normal intelligence, who had 
satisfactorily completed necessary pre- 
requisite courses, a person with normal 
background and training, willing to spend 
the required amount of time and thought 
in study and preparation, who could 
master every obstacle except mathe- 
matics. Some of the statements which 
were made seemed like a challenge to 
some of the members of the staff in the 
Mathematics Department. But when con- 
fronted with the questions,—‘‘Why is the 
percentage of failures so high in mathe- 
matics” and “What picture does the 
failure in mathematics present,’’—what 
could one answer? One could always say 
that Miss A failed because of lack of 
diligence; or that Miss B failed because 
she was inadequately prepared for the 
course; but one did not have sufficient 
data to venture from the particular to the 
general. Thus the following investigation 
concerning the failure in prescribed mathe- 
maties was undertaken. 

The survey is based upon the records of 
students who failed Mathematics 1! in 
1933. A complete record,? from the time 

1 Mathematics 1 is a forty-five hour one 
semester course which contains a unit of trigo- 
nometry, a unit of analytic geometry, and a 
unit of differential calculus. It is the course 
which most students take to satisfy the mathe- 


matics requirement at Hunter College. 
2 Throughout the discussion, grades in Choir 


of her entrance to college to June 1934, 
was obtained for every student who failed 
Mathematies 1 in January or June 1933. 
In January 1933, 212 students failed, and 
in June 1933, 107 students failed. How- 
ever since some students failed in both 
January and June, the total 319 Fs were 
made by only 286 students. The following 
investigation is based upon the records of 
these 286 students. 

The discussion is divided into three see- 
tions. In Section 1 there is a discussion of 
the influence of the preparatory school, 
the influence of the college teacher to 
whom a student is assigned, and the in- 
fluence of the aptitudes of a student (as 
indicated by her choice of major subject 
upon her chances of failing Mathematics 
1. Section 2 is devoted to the study of 
special cases. In Section 3 one will find 
an analysis of the college records of the 
286 failures. 


SECTION | 


It is the purpose of this seetion to show 
that preparatory school, college instructor, 
and student aptitudes, may practically be 
disregarded in a discussion of the failures 
in prescribed mathematies. For this pur- 
pose three graphs are presented. In each, 
a comparison is made between a distribu- 
tion of failures and a distribution of cer- 
tain totals. A complete description ac- 
companies each diagram, and comments 
are made on all three simultaneously at 
the end of the section. 

During the college year, September 
1932 to June 1933, 1809 students were ad- 
mitted to Hunter College from various 
preparatory schools, most of which were 


and Orchestra, each a one half credit optional 
course in the Department of Music, have been 
omitted. The reason for this omission is that 
these grades were only A or F, F only because 
of excessive absence. 
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New York City high schools.* Private 
schools have been combined into a single 
group and treated as a single preparatory 
school. Every school for which the total 
number of admissions to Hunter College 
for this period was less than 50 has been 
placed in the miscellaneous group. of 


schools, a group which is designated 


Lassa % | OF ADMISSIONS 


ULL 
AOM/. 


%/& 


V/vV/kK/SG 





failures, the total 222 is used in calculating 
percentages of failures. In order to make 
the bases of comparison in the two dis- 
tributions as nearly alike as_ possible, 
those of the 286 failures who had been 
admitted to Hunter College before Sep- 
tember 1932, and those who had been 
transferred from the New York City 


% 
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GRAPH 1. Comparison Between Percentages of Failures and Percentages of Admissions 


from Individual Preparatory Schools 


School M in the diagram in Graph | above. 
Individual high schools, for which admis- 
sions numbered more than 50, are desig- 
nated A, B, C, and so forth. The reader 
will observe that instead of a total of 286 


There were also admitted to Hunter Col- 
lege during this year some students with ad- 
vanced standing and some students from New 
York City Training Colleges for Teachers. Since 
these students had already had work of college 
grade before entering Hunter College, they have 
been omitted from calculations in the discussion 
concerning the influence of the preparatory 
school and do not represent any part of the 
above 1809 students. 


Training Colleges for Teachers,’ have been 
omitted here. The remaining 222 failures 
have been classified aceording to the 
schools A, B, C,.. 
prepared for college. 

In January and June 1933, there was a 
total enrollment of 1676 students in 
Mathematies 1 distributed among 13 in- 
structors, designated A, B, C, and so forth. 


. at which they were 


‘ During the year 1932-1933 the New York 
City Training Colleges for Teachers were 
closed. The students enrolled at the Training 
Colleges were distributed among the other 
colleges maintained by the City of New York. 
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Since the smallest number of students en- 
rolled with an individual instructor was 
59, no miscellaneous group has been pro- 
vided for this distribution. Here the reader 
will observe that the total 319, rather 
than the total 286, has been used in caleu- 
lating the percentages of failures, due to 
each instructor. The reason is, of course, 
that the 286 students made a total of 319 
Fs. 
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In calculating percentages of failures, the 
total used in 182. Of the original 286, 104 
have been omitted for the following two 
reasons; 32 because they had been trans- 
ferred from a training college and not re- 
quired to choose a specific major, and 72 
because they have changed their majors 
at least once. The remaining 182 were 
classified according to the grouped majors 
indicated in Graph 3. 





GrapuH 2. Comparison Between Percentages of Failures and Percentages of Total 
Student Enrollment for Individual Instructors. 


In November 1932, the total student 
register at Hunter College included 3603 
students distributed among the grouped 
majors indicated in Graph 3 shown below.® 


5 There were also 35 majors in English, 11 
majors in Art, and 664 majors in Mathematics. 
Since most of the failures in Mathematics 1 are 
freshmen and since no freshmen could be en- 
rolled as majors in the Departments of English 
and Art at the time of this report, the 46 majors 
in these departments have been omitted here. 
The 664 majors in Mathematics have been 


The comparisons above are such as 
would naturally be made. For example, 
whereas the college instructor would be in- 
-clined to anticipate greater numbers of 
failures among students from one school 
rather than from another, the prepara- 
tory schools would be apt to ask for the 





omitted since students who signify their in- 
tention of selecting the Mathematics Major at 
entrance to college are not assigned to Mathie- 
matics 1. 
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name of the college instructor when 
searching for reasons for failure among 
students from their schools. Surely the 
most outstanding characteristic of the 
above graphs is the striking similarity be- 
tween the two distributions in each dia- 
gram, for each school, for each instructor, 
and for each grouped department. In con- 
nection with the first graph, just one detail 
should be given by way of explanation. 


structor L, at the time covered by this 
report, was just beginning a teaching 
career under new and strange circum- 
stances. Graph 3 is unusually satisfying. 
Whatever divergence from perfect ac- 
cord is found in the two columns for each 
grouped department is a divergence in the 
direction which one would anticipate. The 
fact that there are relatively a few more 
failures in Mathematics 1 enrolled in the 
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Grapu 3. Comparison Between Percentages of Failures and Percentages of 


Total Student Enrollment in Grouped Departments. 


School I is one which selects its pupils at 
entrance on the basis of competitive ex- 
aminations. Thus there is a very good 
reason for which School I should be an 
extreme in the comparison between per- 
centages of failures and percentages of ad- 
missions from individual preparatory 
schools. In connection with Graph 2, the 
reader will probably wonder about In- 
Structor L. Suffice it to say that In- 


Department of Music, than there are en- 
rolled in the group of Departments, 
Chemistry, Pre-Medical Sciences, and 
Physiology, is insignificant. Once again, 
the striking characteristic is that the per- 
centages of failures in the indicated 
grouped departments are so nearly the 
same as the percentages of students en- 
rolled in these departments. 

In summarizing, it may be said that a 








girl’s chances of passing Mathematies 1 
depend but to a 
the preparatory 
comes, upon the instruetor to whom she 


very small degree upon 
school from which she 
is assigned, or upon her aptitudes as indi- 
cated by her choice of major. 


SECTION 2 


Those students who have had more than 
3 grades of A, apiece, have been selected 
for special attention. Of the 286 failures, 
there were just 6 students with more than 
3 A’s each. They constitute an interesting 
group. Details follow. 


Case 1. A student with 12 A’s. A per- 
sonal interview with this student revealed 
no bitterness whatever on the part of the 
student. When she took Mathematies 1 
for the first time, her class met late in the 
afternoon, from three to four, and on one 
day each week from four to five. During 
the term it was necessary for her to accom- 
pany someone to the hospital at a time 
which coincided with the time set for her 
mathematies. She was absent from her 
final examination. She was a lower fresh- 
man at the time and not familiar with the 
regulations concerning absentee examina- 


tions. Upon repeating the course, the 
student made A. 
Case 2. A student with 7 A’s. This stu- 


dent had 4 A’s in Cerman, and 3 A’s in 
French. A more detailed study of the stu- 
dent’s official record revealed the fact that 
she was born in France. In recording her 
F in mathematics, her instructor made 
the significant comment, “Language Diffi- 
culty.” 

Case 3. A student with 6 A’s. The F in 
Mathematics 1 for this student was re- 
corded as ‘‘F drop.”’ 

Case 4. A student with 5 A’s. This stu- 
dent had 2 A’s in German, | A in Latin, 
1 A in Musie, and 1 A in Physical Train- 
ing. Next to her F in Mathematies 1, her 
instructor made the comment, ‘Term 
Grade 59,® Final Examination very poor.” 

Case 5. A student with 4 A’s. This stu- 
dent received all 4 A’s in Greek. The 
student was born in Greece. 

Case 6. A student with 4 A’s. This stu- 
dent had 2 A’s in Chemistry, 1 A in 
Physics, and 1 A in German. A personal 
interview with this student brought forth 
the statements that she likes mathe- 


6 At Hunter College, the passing mark is 60. 
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additional 
courses in mathematics. The student did 
admit that, although she considered the 
F entirely fair, she was just a little bit 
surprised when she learned that she had 


matics, and plans to take 


received F in Mathematies 1. 


that the 
with 


It seems almost. ineredible 
number of the total 286 
more than 3 A’s each should be just 6. For 


failures 


one must remember that the survey in- 
cludes subjects such as Physieal Training, 
Voice Culture, and Sewing, in addition to 
the more formal courses of the curriculum 
The above case studies suggest that 3 01 
t of these 6 failures are ‘failures by avoid- 
able aeccident,’’—I” 
rather than F’s which designate failure in 
study and accomplishment in the course 


s which are technica! 


The remaining pitifully small number, 2 01 
3, among which one would look for thy 
proverbial student who is good in every 
subject except mathematies, fail one com- 
pletely in the search for evidence of the 
existence of such a person. In Section 3 
further comments are made about the A’s 


earned by the total 286 failures. 


SECTION 3 
The last section of this paper presents 
an analysis of all the 4559 grades made by 
all the 286 failures. 
Attention is first directed at the A’s. Of 
167 
grades of A, 17 of which were on a second 


the total 4559 grades, there were 


or third trial, that is after one or two con- 
secutive failures, in a particular course. It 
was found that the 150 first 
tributed among 79 of the 286 students. 
Thus 72 per cent of the original 286 did 
not receive a single first A. A distribution 
of the 150 first A’s by subjects shows that 
16 were in Opera or Voice Culture (each 
a one half credit optional course in the 
Department of Music); 11 were in one 
credit courses in Physical Training; 3 in 
Sewing; and the remaining 120 were dis- 


A’s were dis- 


tributed among 16 other departments. In 
general one may conclude that the dis- 
tribution of A’s among both students and 
subjects is so wide that there is no central 
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tendency. The only conclusion of any 
value which presents itself is that 72 per 
cent of the failures, in about two years 
time, have not received a single first A. 

At the other end of the scale are some 
interesting conclusions from a considera- 
tion of F’s. Of the total 286, 50 failed in no 


% 


~ 


Intermediate Algebra, a course which is 
regarded as a prerequisite for Mathe- 
maties 1. The remaining 35, who received 
unqualified F’s in Mathematies 1, repre- 
sent only 12 per cent of 286. Regarded 
from another point of view, it may be said 
that 83 per cent of the total number of 
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(b) (c) 


GRAPH 4. Distribution of the Grades of ‘‘The Total Student.’’ 


subject other than mathematies. Of these 
50, 3 received “F drop”’;’ 5 received F be- 
cause of absence; and 7 had not had 


“F drop” is usually the result of unofficial 
withdrawal from a course, on the part of a 
student. Such an F may or may not be due to 
genuine failure. 

* At Hunter College, if a student is absent 
from a final examination, her grade is recorded 
as “F absent.’”’ If the work of the student aver- 
aged grade C or better during the term, and the 
Committee on Promotions is convinced that the 
absence was unavoidable, the student is given 
an absentee examination. The grade of a stu- 
dent, who has been absent for more than 20% 


failures in Mathematies | received F in at 
least one subject in addition to mathe- 
matics. 

The following table shows the perform- 
ance of the failures on repeated trials in 
Mathematies 1. 


of the total number of recitations during a term 
in a particular course, is recorded as ‘‘F absent 
one fifth.’”’ Her instructor has the privilege of 
recommending that the student receive a pass- 
ing grade. The recommendation of the in- 
structor is usually honored by the Committee 
on Promotions. 



































A| B|C|D| F || Total | 
2" trial || 3 | 36 | 81 | 70 = 241 
3*trial = ff1] 4] 9] 11] 13 || 38 
trial ||—|—|—] 4] 2|l 6 
“Total || 4] 40 | 90 | 85 | 66 || 285 | 








It is worthy of comment that the dis- 
tributions on the second and third trials 
are far from normal. 





Grapu 5. Distribution of Major 
Grades of “The Total Student.” 


Figures concerning the length of stay at 
college of these failures provide interest- 
ing conclusions. At some time before Sep- 
tember 1934, 54 of the 286 failures were 
discharged; 154 were dropped from college 
because of poor scholarship; and only 78 
have remained in uninterrupted attend- 
ance at college to date. In percentages 
these figures are as follows,—discharged 
19 per cent; dropped 54 per cent; in un- 
interrupted attendance 27 per cent. In 
other words, 73 per cent of the 286 failures 
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have been either discharged or dropped 
from college because of poor scholarship, 
at some time during the early part of their 
college career. 

This paper ends with a discussion of dis- 
tributions of all the grades of the original 
286 students. The total number of A’s, 
B’s, C’s, D’s, and F’s, made by all the 
failures, were obtained. Distributions of 
these totals are presented as though they 
represented grades earned by a single 
individual. The graphs are called distri- 
butions of the grades of ‘‘the total stu- 
dent.” 

As one would expéct, Graph 4(a), the 
distribution of all the grades of the total 
student, shows a graph which is heavily 
skewed in the direction of the F’s. The 
very fact that only students who received 
F in Mathematies 1 are considered in this 
paper, helps to explain the reason for the 
large number of F’s in this diagram. In 
Graph 4(b) one sees the distribution of the 
grades of the total student which remain 
after all grades in mathematics have been 
deleted. Strange as it may seem, Graph 
4(b), although not skewed to the right to 
so great an extent as Graph 4(a), is still 
heavily skewed in the direction of the F’s 
Finally, in Graph 4(c) an almost normal 
distribution appears. In Graph 4(¢) are 
shown the grades of “the total student” 
which remain after all first F’s in all courses 
have been deleted. 

One final diagram, which helps sub- 
stantiate the conclusions of the preceding 
paragraph, follows. Of the total number of 
failures, 182 have remained in their orig- 
inally chosen majors.* Graph 5 represents 
the distribution of the major grades 
earned by the 182 students who have re- 
mained in their originally chosen majors. 

A comparison between Graph 5 and 
Graph 4 shows that the distribution of 


® The apparent discrepancy between the 182 
who have remained in their originally chosen 
majors and the 78 who have remained in un- 
interrupted attendance at college, is explained 
by the fact that some of the 182 students were 
discharged from college and then readmitted 
at a later date. 
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major grades is very much like the dis- 
tribution of the grades of “the total stu- 
dent”? which remain after all grades in 
mathematies have deleted. From 
Graph 5 one sees that a distribution of 
even major grades of those of the failures 
who are most sure of the subject they wish 
to pursue, does not measure up to the 
normal distribution. 


been 


SUMMARY 


Consider a student entering Hunter 
College as a lower freshman and taking 
Mathematics 1 for the first time. It seems 
true that if the student comes from Pre- 
paratory School J, Figure 1; if she is not 
assigned to Instructor L, Figure 2; and if 
her inelinations lie in the field of Musie; 
her chances of passing Mathematies 1 on 
the first trial are hindered by this un- 
fortunate set of circumstances, over which 
she has no control at the time of her en- 
trance to college. On the whole, however, 
the preparatory school from which she 
the instruetor to she is 


comes, whom 


assigned, and her inclinations as indicated 
by her choice of major, seem to have very 
little influence upon her chances of passing 
Mathematies 1. 

Consider next a freshman who fails 
Mathematics 1 on her first trial. This in- 
vestigation shows that the chances that 
she will receive an A on the first trial in 
any course at all during her first two years 
at college are about 1 in 30; the chances 
that she will receive at least one F in some 
subject in addition to mathematics are 
about 10 in 12; the chances that she will 
remain in uninterrupted attendance at 
college during her first two years are about 
1 in 4; and in general, the distribution of 
her grades, in all her courses and even in 
her major courses, is apt to be below the 
normal distribution. 

Finally, the results of this paper should 
convince the most obdurate sceptic that 
the fiction of ‘the person who is good in 
everything except mathematics” or ‘‘the 
person who simply 
matics” 


‘annot do mathe- 
is without basis in reality. 








PLAYS 


Back numbers of The Mathematics Teacher 
containing the following plays may be had 
from the office of The Mathematics 
leacher, 525 West 120th Street, New York. 
A Problem Play. Dena Cohen. 

Alice in Dozenland. Wilhelmina Pitcher. 


An Idea That Paid. Florence Miller 
Brooks. 

Mathematical Nightmare. Josephine Sker- 
rett. 


Mathesis. Ella Brownell. 

The Eternal Triangle. Gerald Raftery. 

The Mathematics Club Meets. Wilimina 
Everett Pitcher. 

The Case of “Matthews Mattix.” Alice K. 
Smith, 

More Than One Mystery. Celia Russell. 


Price: 25¢ each. 








Numbers and Numerals 
A Story Book for Young and Old 
Contents by Chapters 


1. Learning to Count. 

2. Naming the Numbers. 

3. From Numbers to Numerals. 

4. From Numerals to Computation. 
5. Fractions. 

6. Story of a few Arithmetic Words. 
7. Mystery of Numbers. 


The above monograph which will 
be the first of a series to be published 
soon by THE MATHEMATICS TEACHER 
will be sent postpaid to all subscrib- 
ers whose subscriptions are paid up 
to November 1, 1936. The book will 
be sent postpaid to others at 25c each. 




















The Relationship Between Vocabulary and Ability 
in First Year Algebra 


By Guy E. BuckinGHAM 


Allegheny College, Meadville, Pennsylvania 


PosiTIvE relationship has been shown 
between the elimination of errors in the 
processes of addition, subtraction, multi- 
plication, and division of monomials and 
the ability to solve the more complex 
problems in first year Algebra.' The rela- 
tionship between silent reading ability 
and ability in first year Algebra has been 
demonstrated to be low but positive.* A 
careful interpretation of these studies 
leads one to conclude that other factors 
are present to help or hinder the learning 
process in beginning Algebra. 

Among these factors vocabulary would 
seem to be important. The correlation be- 
tween paragraph comprehension using 
sasy vocabulary and validated for peculiar 
techniques of reading and ability in be- 
ginning Algebra is positive and low. That 
is, reading to predict outcomes, to follow 
directions, to note details, and to get the 
general significance of a paragraph is 
positively related to ability to learn first 
year Algebra. Since reading and vocab- 
ulary are so intimately related it follows 
that the setting for the learning process in 
a single problem may be so changed by an 
unknown word as to make the total prob- 
lem incomprehensible to the student. 

It is now a recognized procedure to 
teach new words in reading by introducing 
them in a context already known to the 
student. It follows that a definition of a 
word out of context will depend for its 
significance to the student on some back- 
ground context either present or not pres- 

1 Guy E. Buckingham, Diagnostic and Re- 
medial Teaching in First Year Algebra. North- 
western University Contributions to Education 
No. 11, School of Education, Northwestern 
University, Evanston, Illinois. 

2 Guy E. Buckingham, The Relation Be- 
tween Silent Reading Ability and Ability in First 


Year Algebra. To be published in the next issue 
of The Mathematics Teacher. 
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ent in memory. If the new words are in- 
troduced too rapidly to be assimilated into 
the older meaningful contexts already in 
the student’s possession little or nof sig- 
nificant meaning can be attached to the 
new words as they are presented in the 
almost meaningless context of Algebra. 
Since Algebra is quite abstract in form 
and meaning, and is likely to be vague to 
the beginner, a too difficult vocabulary 
would be a serious handicap in the learn- 
ing process. 

Words in Algebra divide themselves 
rather easily into non-technical words 
technical Mathematical 
technical 


(silo), terms 
(cube), Algebraic terms 
(monomial). The non-technical vocabu- 
lary will depend on initial capacity to 
learn plus experimental application, real 
and vicarious. The technical Mathemati- 
eal terms will depend on initial capacity 


and 


plus specialized experience largely of a 
vicarious nature. The same is true of the 
technical Algebraic terms. One might spec- 
ulate concerning the amount of Algebraic 
terminology which is etually needed by 
a beginner. Rather thas: speculate it would 
be wiser to attack the problem experi- 
mentally. 

Many high schools use a basic text alone 
in the first course in Algebra. The teachers 
make little effort to supplement either the 
reading materials or the vocabulary of the 
text. It is assumed that an understanding 
of the problems as they occur in the text 
will materialize regardless of vocabulary 
or silent reading ability. The teacher com- 
plains that the students are not able to do 
Algebra because they are not able to read. 
With much vigor the Algebra teacher tells 
of certain obvious (to her) word meanings 
which the students do not know. The 
fact that Algebra has its own settings, 
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words and meanings which must be taught 
in parallel with problem solving does not 
The Meadville, 


Pennsylvania, High School uses the Engel- 


occur to the teacher. 
hardt and Haertter Algebra in the first 
year as a basic text. Little, if any, voeab- 
ulary is introduced to the students beyond 
that found in the basie text. 

In order to learn what words would con- 
front the beginning student, and their re- 
lationship to his problems, an analysis of 
the vocabulary of this book was contrasted 
10,000 word list. 
The majority of all students studying be- 


with Thorndike’s first 


ginning Algebra that year were around 
It will be reealled 
that in the Stanford Revision of the Binet- 
Simon Seale Terman used 9,000 words at 
level. Of this 


an average vocabulary which 


fourteen years of age. 


the fourteen year course, 
would be 
means that one-half of the students four- 
teen years of age likely had vocabularies 
of fewer than 9,000 words. The contrast 
between the basie Algebra text vocabulary 
and the Thorndike list was made in the 
following manner. 

1. All words in the Algebra text not 
found in the first 9 000 words of the 
Thorndike list were tabulated. A total of 
19 words were found in the text which 
in the first 9,000 words of the 
Thorndike list. 


were not 


2. These 49 words were grouped into 


non-technical, technical mathematical 


terms, and teehnieal Algebraic 


terms. 
Technical in this sense means peculiar to 
some particular kind of learning. There 
were found 23 non-technical words, 10 


technical mathematieal terms, and 16 
technical Algebraic terms. There was 


some over-lapping which could not be 
a oided, 

3. No frequeney count was made of 
their occurrence in the text. 

t. ‘Tests were constructed using these 
words in Algebra problems. Each word 
above the 9,000 word level was placed in 
an Algebra problem which was composed 
otherwise of familiar words. By familiar 
words are meant those words relatively 


low in rank on standardized word lists. 
The students were instructed not’ to solve 
the problems but to show in the spaces 
below the problem what the words which 
were underscored meant. They were to 
write, draw or use any device they cared 
Fol- 
the three 
divisions of vocabulary preceded by direc- 


to use in making themselves clear, 


lowing are sample items from 


tions for taking the test. 


DIRECTIONS 


Write a sentence, or give another word 
or words, explaining what the ctalicized 
word means in the following problems. 
Use any way you desire to make your 
meaning clear. Give sample problems if 
you like. Do this in the space after each 
problem. You are Not to solve the proble ms, 


Part 1 

A painter can paint a house in 5 days; 
his apprentice, in 7 days. How long will it 
take them to paint the house by working 
together? , 

In making castings, 23% of the metal is 
lost in the melting. How much metal is 
needed to make a casting weighing 78 
pounds? 

Part Il 

The difference between the length and 
width of a rectangle is 7 feet and the 
diagonal is 13 feet. Find the dimensions. 

What is the area of an equilateral tri- 
angle whose side is 1 foot in length? 


Part it 


Multiply the following binomials: 
(2N —3) (3X —2). 

Raise the following terms to the power 
indicated: 72, 5®, (82ab)°. 

5. These tests were administered to 
139 Meadville, Pennsylvania, High School 
students immediately after they had 
finished their first year of Algebra. In 
addition, the students were given the 
Codperative Algebra Test, Form 1934 to 
measure elementary Algebra through 
quadratics. The tests were scored by the 
laborious method of reading each item to 
determine whether or not the student 
knew what the word meant in the peculiar 
context of the problem where it was found. 

6. The scores made on the vocabulary 
tests were correlated with the scores 
made on the Codperative Algebra Test. 











CORRELATIONS 

The correlation between the Codédpera- 
tive Algebra Test scores and the total 
vocabulary test score was .38+.05. 

Part I of the Coéperative Algebra Test 
is composed of problems which are so 
worded that knowledge of such terms as 
sum, product, quotient, exponent, ete., 
would seem to be of great value in the 
solution of the problems. The score on 
this part correlates .40+.05 with the 
score on the vocabulary tests. 

Part II of the Coéperative Algebra Test 
is composed of statement problems only. 
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The sigma of the group was 15.4 which 
is 1.4 lower than that 
group. 


of the national 


The mean score in the vocabulary test 
was 30.88 with a sigma of 6.28. The curve 
of distribution 
regular except 
higher scores. 

Among the more interesting findings 
were two kinds of definitions. The first 
kind showed complete irrelevancy to the 
problem. Some samples of these definitions 
are: 


of the scores was rather 
a slight skew toward the 


1. A solid is a four sided figure. 


TABLE | 
Number of Stu- Percentage of 
Used dents attempting Students using 
Word Correctly Missed Omitted to use the word it correctly 
Castings 49 37 53 139 35 
Centigrade 33 67 39 139 24 
Denomination 64 42 33 139 16 
Digit 24 37 68 139 24 
Evaluate 82 40 17 139 60 
Fahrenheit 30 81 28 139 22 
Frequency 23 51 65 139 17 
Velocity 95 28 16 139 68 
Diagonal 93 30 16 139 67 
Equation 88 33 18 139 63 
Parallelogram 59 51 29 139 42 
Ratio 8O 26 33 139 58 
Tangent 20 28 91 139 14 
Variation 57 27 55 139 41 
Binomial 80 32 27 139 58 
Formula 89 42 8 139 64 
Linear Equation 58 49 32 139 42 
Monomial 71 35 33 139 51 
Power 99 21 19 139 71 
Quadratic 38 71 30 139 20 


This part of the Algebra test correlated 
.25+.05 with the gross scores on the 
vocabulary test. 

Part III of the Codéperative Algebra 
Test deals with problems of substitution, 
equations—including literal. numbers, 
graphs, radicals, fractional exponents, 
and quadratics of which all presuppose 
a knowledge of terminology. A corre- 
lation of .33+.05 was found between this 
part and the scores on the vocabulary 
test. 

The twenty most frequently missed 
words are found in Table I. 

The mean score of the group in the Co- 
éperative Algebra Test was 41.77 which 
compares very favorably with the norms 
of the Coédperative Test Service. 


2. Asilo isa place where a farmer grinds 
corn. 

3. Schooners are wagons or trucks. 

4. Shorthand is a writing that is taught 
in high school. 

5. A see-saw is a saw which you cut 
wood with. 

6. A fulerum is 
rough and sharp. 


the blade which is 


The second kind of definitions may be 
termed borderline. They show a partial 
concept development which is very in- 
teresting. They also raise a doubt as to 
whether or not one possessing definitive 
concepts as rudimentary in form as these 
has enough idea of what is wanted to do 
business in Algebra. 
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Following are some examples which il- 
lustrate the point: 

1. A cirele is an object without corners 
and flat. 

2. A cirele is a round line. 

3. A parallelogram is a cone shaped 
angle with four square corners. 

+. A parallelogram is a figure which is a 
dilapidated rectangle. 

5. A eylinder is a cirele with a height. 

6. A cylinder is a circle with volume. 

7. A cylinder is a tall cirele. 

FINDINGS 

1. A significant relationship was found 
between the student’s knowledge of words 
above the mean mental age level of their 
vocabularies and their abilities in doing 
problems in Algebra which depend largely 
on a follow-directions-type of vocabulary. 
That is, a good knowledge of words found 
above the mean vocabulary for a mental 
age of fourteen years of the group is asso- 
ciated with higher results in Algebra. 

2. Some relationship to a less signifi- 
cant degree was found between the stu- 
dents’ knowledge of words above the four- 
teen year mean mental age level and 
abilities to solve the so-called statement 
problem in Algebra. 

3. The relationship between vocabulary 
ability above their mean mental age levels 
and ability to solve Algebraic problems 
involving substitution, equations, graphs, 
radicals, fractional exponents and quad- 
raties was significant. 

!. Total scores in vocabulary and total 
scores in Algebra showed a significant cor- 
relation. 

5. As indicated by the mean and sigma 
scores on the Coéperative Algebra Test 
the group used in the experiment was 
better than the national average group. 


6. Since the vocabulary test was locally 
made and administered, no national norms 
for comparison are available. 

INTERPRETATIONS 

1. As indicated by the findings of this 
study vocabulary of an advanced degree 
of difficulty is one problem of the teacher 
of beginning Algebra. A correlation coeffi- 
cient of .38 to .40 has very little signifi- 
cance if used alone. However, used as a 
measure of one factor among. several 
factors it indicated enough relationship to 
be considered. 

2. Vocabulary peculiar to Algebra is 
one type to be developed. 

3. Vocabulary peculiar to Mathematies 
in general needs attention. 

4. Vocabulary of a general nature be- 
longing to the settings of problems plays 
a significant role in the solutions of prob- 
lems in Algebra. 

5. As indicated by the word definitions 
the students are in a developmental proc- 
ess in which the word images may be in 
one of the following three levels: 

A. Completely undeveloped. 

B. Coneretely clear but abstractly not 
completely developed as ‘‘a cylinder is a 
circle with height.” 

C. Completely developed abstractly 
with concomitantly concrete imagery as in 
the case where the student defines and il- 
lustrates graphically. 

6. It is probable that the student needs 
practice in abundance in interpreting the 
meanings of problems without completely 
solving them. Complete solutions place 
too much premium on temporary under- 
standings with too little ‘total concept”’ 
drill. Limited time prevents enough ‘‘total 
concept” drill if each problem is carried 
through to a complete solution. 





THe frankest of men, Someone asked President Eliot if he had ever been called a liar. 
He replied: “Yes, and the worst of it is they have proved it.’”’ He encouraged his faculty 
to express their real convictions even when they ran counter to his own, though he 
insisted that they be based on evidence rather than prejudice. 











The Development of the Thermometer 


By Marrie Bett FRETWELL 
John Marshall High School, Richmond, Virginia 


THE invention of the thermometer must 
Le attributed to Galileo, who in about the 
vear 1593 made an open-air thermoscope. 
He never mentions this fact in any of his 
writings; but since Castelli, one of Gal- 
ileo’s ablest pupils, deseribes in great de- 
tail a thermoseope which Galileo showed 
him in 1603; and since another student of 
his, Viviani, reports the invention of this 
instrument by Galileo shortly after his 
arrival at the University of Padua in 1592, 
valid 
doubting the statement that Galileo in- 
vented such an instrument, which is taken 
from a letter of Castelli’s written in 1638. 

The expansion of air 
rising of heated air over a hot body 
must have been one of the earliest effects 
of heat It is therefore quite 
natural that this phenomenon—the ex- 
pansion of air—should form the basis of 
the earliest thermoscopes. All the early 
thermometers contained air, and the stem 
was arbitrarily graduated. 

Galileo’s first thermometer consisted of 


there seems to be no reason for 


in any event the 


observed. 


a glass bulb of the size of a hen’s egg, 
with a long stem of the thickness of a 
straw dipping into water, which was 
made to rise part way up the tube by pre- 
vious warming of the bulb. It was affected, 
of course, by fluctuations of atmospheric 
pressure as well as of temperature, and 
was really a baroscope and a thermo- 
scope. Being affected by changes in at- 
mospheric pressure, this air thermometer 
was very imperfect. 

This thermometer was used by Galileo 
for various purposes, such as studying 
freezing mixtures and recording atmos- 
pheric temperatures. It was later used 
(1611) by Sanetorius in the diagnosis of 
fevers. The word 
used by Bianconi in 1617, and “‘thermom- 
eter” in 1624 by Leurechon in Récréa- 
tion mathématique: ‘“Thermométre ou in- 


” 


“thermoscope”’ was 


strument pour mésurer les degrez de cha 

lour ou de froidure que sont en l’air.”’ 
The first improvement in the air-ther- 

1632 by 


the French physician, Jean Rey, who sim- 


mometer was introduced about 


ply inverted Galileo’s instrument, filling 
the bulb with water and the stem with 
air. Thus water was made the thermo- 
metrie substanee. As Rey did not close up 
the upper end of the stem, there was eon- 
stant danger of errors from e\ aporation of 
the water. 

About twenty-five vears after Rey’s in- 
novation, the Florentine Aeademy made 
the earliest sealed-in, liquid-in-glass ther- 
mometers of which there is any definit: 
record. These academicians were pupils of 
Galileo, and made the Aceademia del Ci 
(1657-1667) The 


ment they made was similar in form to thi 


mento famous. instru- 
ordinary thermometers now in use. That 
is, it consisted of a glass bulb joined to 
graduated tube, the bulb and part of the 
tube being filled with a liquid. The peeu 
liarity of their thermometer consisted in 
this, that they attempted to graduate th 
tube in such a way that the volume be- 
tween two marks of graduation was 
fixed fractional part, generally one-thou 
sandth, of the volume of the bulb. The in- 
strument thus made was filled with aleo- 
hol and the degrees were marked wit! 
small beads of enamel fused on the sten 
All that was needed to turn these Flor- 
entine thermometers—-which were veri- 
table objets d’art so far as glass work is 
concerned—into modern instruments was 
a seale that could be duplicated by inde- 
pendent observers and thus make meas- 
urements in different places and at differ- 
ent times strictly comparable. In order to 
fulfill this condition, it was necessary [0 
select a fixed point or standard tempera- 
ture as the zero or starting point of the 
graduations. Instead of making each de- 
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sree a given fraction of the volume of the 
bulb which would be difficult in practice, 
and would give different values for the de- 
gree with different liquids, it was soon 
found to be preferable to take two fixed 
points, and to divide the interval between 
them into the same number of degrees. 

The problem of selecting two fixed tem- 
peratures for the thermometer and of 
subdividing the interval into a suitable 
number of degrees was taken up by the Ae- 
eademia del Cimento, Following the ex- 
ample of the philosophers and physicians, 
they chose as fixed points the cold of 
winter and the heat of summer, dividing 
the intervening space into SO or 40 equal 
spaces. To determine more accurately the 
position of these points, they defined the 
one to be the temperature of snow or ice 
in the severest frost, and the other to be 
the temperature in the bodies of cows and 
deer. 

The fixed points chosen by the Floren- 
tine Aeademy did not prove satisfactory, 
and all kinds of improvements were sugges- 
ted. Robert Hooke had found the melting 
point of ice to be very constant and pro- 
posed this in 1664 as a standard tempera- 
ture. Huygens, the following year, made 
the same proposal for the boiling point of 
water, but neither of these men appears 
to have realized that two fixed points are 
an absolute necessity if the degrees of tem- 
perature are to be definitely defined. The 
two fixed points appear to have been in- 
troduced in 1688 by Dalaneé who adopted 
the melting point of ice and butter as the 
two temperatures in question, and used 
linseed oil as a thermometrie substance, 

The thermometer invented by Sir Isaae 
Newton, deseribed in the Philosophical 
Transactions for 1701, was a tube filled 
With linseed oil, and the starting point of 
the seale was the temperature of the hu- 
man body, which Newton called twelve. 
He divided the spaces between his datum 
and the freezing point of water into 12 
equal parts, and stated that the boiling 
point of water would be about 30 of these 


degrees on the seale. 


In 1702 Guillaume Amontons made an 
improvement of Galileo’s air thermom- 
eter. His air thermometer was of con- 
stant volume and consisted of a U-shaped 
tube with the shorter arm ending in a 
bulb and the longer arm measuring 45 
inches. Degrees of temperature were indi- 
cated by the height in inches of the mer- 
cury column in the longer arm necessary 
to keep the volume constant. Amontons 
chose the boiling point of water as a fixed 
point, but being unaware of the depend- 
enee of the boiling point upon air pres- 
sure, he could not attain extreme accu- 
racy. 

It was Amontons who first arrived at 
the notion of absolute temperature. “It 
appears,” he says, “that the extreme cold 
of this thermometer is that which would 
reduce the air by its spring to sustain no 
load at all, which would be a degree of 
cold much more considerable than what is 
esteemed very cold.” From his data the 
absolute zero in the centigrade seale is 

230.5". 


tons’ experiments with 


Lambert, who repeated Amon- 
greater accuracy, 
obtained data yielding —270.3°. The value 
now accepted is —273.1°. Lambert says, 
“Now a degree of heat equal to 0 is really 
What may be called absolute cold. Hence 
at absolute cold the volume of the air is 0, 
or as good as 0. That is to say, at absolute 
cold the air falls together so completely 
that its parts absolutely touch, that it be- 
comes so to speak water-proof,” 
Stimulated by Amontons’ researches 
Gabriel (1686-1736) 
began to study the accurate construction 


Daniel Fahrenheit 
of thermometers. He was greatly inter- 
ested in Amontons’ observations of the 
constaney of the boiling point. Curious to 
know how other liquids would behave, he 
made a series of tests and found that, like 
water, each kind had a fixed boiling point. 
Later he noticed that the boiling point 
varied with a change in atmospheric pres- 
sure. Attention to this fact contributed 
vastly towards exact thermometry. Is- 
maél Boullian constructed in 1659 a ther- 
mometer in which mercury was used for 
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the first time (so far as is known) as a 
thermometric substance, but it is Fahren- 
heit who deserves great credit for first 
bringing about the general use of mereury 
in thermometers. 

Fahrenheit made two kinds of thermom- 
eters—the one filled with spirit of wine, 
the other with mercury. From his first 
paper published in 1724, it appears that 
the two fixed points chosen for the ther- 
mometers he then used where an ice- 
water-salt mixture and the blood tem- 
perature of the human body, and that the 
interval between them was divided into 
96 parts. From his second paper of 1724, 
it seems that he used also a third point, 
determined by an ice-water mixture. In 
that paper Fahrenheit says: ‘‘The seale of 
those thermometers, which are used only 
in meteorological observations, begins 
with 0 and ends with 96. This scale de- 
pends upon the determination of three 
fixed points, which are obtained as fol- 
lows: the first, the lowest, . . . is found by 
a mixture of ice, water, and salammoniac 
or sea salt, if the thermometer is dipped 
in this mixture then the liquid falls to the 
point marked 0. This experiment succeeds 
better in winter than summer. The second 
point is obtained, if water and ice are 
mixed without the salt just mentioned; if 
the thermometer is dipped in this mix- 
ture it will stand at 32°...; the third 
point is at the 96th degree, and the alco- 
hol expands at that point if the thermom- 
eter be held in the mouth or armpit of a 
healthy person.”’ 

In his fifth paper he says: ‘In my ac- 
count of experiments on the boiling point 
of several liquids, I mentioned that at 
that time the boiling point of water was 
found to be 212°; later I recognized 
through various observations and experi- 
ments that this point is fixed for one and 
the same weight of the atmosphere, but 
that for different weights of the atmos- 
phere, it may vary either way.” From 
this it appears that in 1724 the number 
212 was not prearranged; boiling water 
simply happened to raise the mercury 


column to that point. If the interpreta- 
tion of Fahrenheit’s papers of 1724 is cor- 
rect, then it was equally a matter of 
chance that 32° came to mark the freezing 
temperature of water, and that 180 came 
to stand for the number of degrees be- 
tween the freezing and boiling points of 
water. There seems to be no direct and 
reliableinformationthat Fahrenheit profit- 
ed by the results of his experimentation, 
and discarded the two fixed points men- 
tioned in his paper and chose the freezing 
and boiling temperatures of water as 
more convenient fixed points. A descrip- 
tion in the Acta éruditorum (1714) of two 
thermometers which Fahrenheit gave to 
Christian Wolf indicates that the interval 
from ice-water-salt to blood temperature 
was first subdivided into 24 parts, then 
each of these into four smaller subdivi- 
sions, making 96 parts in all. 

In France Réaumur was not aware of 
Fahrenheit’s Dissatisfied 
with thermometer 


achievements. 
Amontons’ air and 
strongly opposed to the use of mercury on 
account of its small coefficient of expan- 
sion, he attempted to make thermometers 
with spirit of wine which should be con- 
venient and yet reach the desired degree 
of accuracy. His experiments accidently 
led to the observation of the contraction 
in volume which may result on the mixing 
of liquids. He found that spirit of wine 
mixed with one-fifth water expanded 
between the freezing and the boiling tem- 
peratures of water from 1000 to 1080 vol- 
ume; so he divided the intervening dis- 
tance on the stem into 80 parts. It was 
about 1730 that Réaumur introduced the 
thermometrie scale in which the freezing 
point of water is 0° and the boiling point 
80°. 

Jean André Delue (1727-1817) of Ge- 
neva returned to the use of mereury and 


emphasized its advantages with very 


forceful arguments. 

Micheli du Crest, another scientist of 
Geneva, had no use for mercury. Reject- 
ing the temperature of freezing water as 
fixed point, he chose the temperature of 
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the earth as determined in the cellar at the 
Paris Observatory, 84 feet deep. He divid- 
ed the interval between this and the 
boiling point into 100 parts and thereby 
obtained degrees agreeing closely with 
Réaumur’s. 

Andreas Celsius, a Swedish astronomer, 
in 1742 marked the boiling point 0° and 
the freezing point 100°. The inverted 
scale, with the freezing point 0°, was in- 
troduced eight years later by Mirten Stré- 
mer, a colleague of Celsius. The final form 
of the modern centigrade scale is there- 
fore not that of Celsius, but that of Str6- 
mer. The centigrade thermometer is often 


called the Celsius thermometer, as other 
thermometers are named after Fahren- 
heit and Réaumur. Strémer and Celsius 
may have been prompted to make their 
improvements in thermometry by the 
botanist Linné, who once wrote in a let- 
ter, ‘I was the first who planned to make 
our thermometers in which 0 is the freezing 
point and 100 the degree of boiling water.”’ 
Of the many different thermometric 
scales in actual use in the eighteenth cen- 
tury, all but three have passed into obliv- 
ion. In England and America the Fahren- 
heit scale predominates; in Germany the 
Réaumur; in France the Celsius. 
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The Magic Clock 


V. Heatu 


New York City 


PuzzLE problems in elementary algebra 
generally revolve around the so-called 
“guessing” of a number.—You are asked 
to guess a number, then you are told to 
double it, triple it, or quadruple it, add 
some other number, subtract another one 
and so on until you begin to scratch your 
head.—Then, after you are practically off- 





“The Magie Clock” presents the proper- 
ties of arithmetie progressions and also 
some numbers connected with a right tri- 
angle. On the outer rim of the clock are 
two arithmetic progressions. 

3, 6 9, 12, 15, 
is 8. 30. 
The difference between the two numbers 
located at any one position on the outer 





guard—you are told what number you 
guessed. 
Usually, such tricks are based on simple 


formulas so constructed that all operations 
necessarily lead to the original number. 

Number tricks are interesting, but in 
order that they have pedagogical value 
they should contain some other elements 
besides the formula.—For instance, certain 
numbers possess some properties which 
are not only interesting but will be used 
by a pupil long after he has completed 
elementary algebra.—And to learn these 
properties is very important. They could 
be learned in an amusing way. 


rim (4, 3), (8, 6), (12, 9), 
the number of the hours there. And wher 


. is equal to 


that difference is added to the higher « 
the two numbers used, it will be found to 
be equal to the number of minutes at that 
location. Also the sum of the squares o 
any two numbers located at any one posl- 
tion on the outer rim is equal to the squar 
of the number of minutes there, beeaus: 
3?+42=5? and 6°+8?=102, ete. 

Thus the child may construct his ow! 
dial starting with the above two pro- 
gressions. 
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A NEW DEPARTMENT 





The Harbor Learned Through Mathematics 


By Nevi Scorr, John Burroughs Junior High School 
Los A nge le 8, California 


Tue date for the observance of National 
Foreign Trade Week had been announced. 
In reply to a letter addressed to the Los 
Angeles Harbor Commission we received 
their last Annual Report, 1934-1935; their 
previous Annual Report, 1933-1934; and 
their Monthly Statistical Report for June, 
1935. These 
hands of two seventh grade mathematics 


classes, in a Junior high school, for the 


teports were placed in the 


study of domestie and foreign trade over 
the wharves of the Los Angeles Harbor. 

As the first step in the study, certain 
members of the class read aloud the main 
articles on the history and facilities of this 
harbor, and on the progress of the leading 
industries of this Coast with the ratings of 
their chief commodities of trade. Then the 
books were passed around in order that all 
the pupils might see the interesting pic- 
tures of the facilities and of the cargoes 
loading and unloading. 

The classes, next, made a study of the 
terms used in expressing the various meas- 
linear 
feet for water frontage, of square feet for 


urements. There was mention of 
areas of terminal buildings, of acres of 
land for certain industries, and of cubie 
yards of different kinds of rock for the 
breakwater. In the “Annual Reports,” 
items of commodities were expressed as 
so many barrels of oil, board feet of lum- 
ber, eases of canned fish, bales of cotton, 
rolls of news-print, boxes of fruit, and so 
forth; whereas, in the Monthly Statistical 
teport, all items were listed in terms of 
pounds, with some of the totals figured in 
tons. Following this study of terms, prac- 
tice in the reading of large numbers was 
found to be worth while. 


Then, the pupils studied the ways in 
which comparisons were presented in the 
Reports; by ratios in simple fractional or 
per 


cent form, by tables, charts, and 


graphs. Per cents of increase or decrease 
in pound-weights and in dollar-values 
had been computed for some of the tables 
Per further 
used in charts; such as the chart showing 


of comparisons. cents were 
that the decrease in tonnage of general 
merchandise over the wharves of this Port 
had been offset by increase in value, dur- 
ing the year just closed. Hence, the pupils 
learned that both quality and quantity 
must be compared in order to arrive at a 
true report on commerce. 

The study of these comparisons was not 
too difficult for pupils of average seventh 
grade ability because the per cents had 
been rounded off to the nearest hundredth, 
and because the fractions were simple. To 
illustrate the type of fractions used; ‘In 
1934-1935 the general cargo in tonnage 
averaged about } foreign and ? domestic; 
} of this classification was inbound and } 
outbound. In total 
about } was foreign trade and $ domes- 


value of commerce 
tic; } of this value was inbound and 3 out- 
bound.” 

Interpretations of the different charts 
and graphs pictured in the Reports stimu- 
lated interest and a desire on the part of 
the pupils to attempt the drawing of 
graphs of trade. The last Annual Report 
had a chart on the ‘‘Number of Vessels 
Kntering the Port from 1900 to 1935.” 
A table on the ‘‘Number of Vessels by 
Flags Entering the Harbor in 1934-1935” 
furnished material for bar graphs to be 
drawn by some of the pupils. One pupil 
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drew, in the margin of her graph, the flags 
of the different countries represented. 

To show various comparisons of Out- 
bound and Inbound Commerce the pupils 
drew both bar and circle graphs. The most 
interesting bar graph dealt with the eleven 
countries of the world which carried on 
the heaviest trade through this Port in 
the year just closed. The bar for Japan was 
surprisingly high. Everyone was interested 
in knowing what commodities made up 
our trade with Japan. A pupil volunteered 
to copy, for the bulletin board, a complete 
list of the exports to and imports from 
Japan, as of the Monthly Statistical Re- 
port for June, 1935. 

The boys drew graphs picturing various 
facts about petroleum, the greatest single 
item in bulk cargo at this Harbor. They 
found a decline in the total shipment of 
petroleum during this last year. They 
read that the depression, labor troubles, 
and increased shipments from shoreside 
facilities were contributing factors to this 
decline. There was an increase, however, 
in foreign export of petroleum, due 
largely to Japan’s heavy demand for fuel 
oil. The boys were especially interested, 
again, in the facts about the next largest 
single item, the lumber. They learned that 
more expensive lumber and more hard- 
woods from all parts of the world had 
been received during this last year than 
during any previous year. 

The girls traced through the Monthly 
Statistical Report for the travel stories of 
other kinds of commodities. There was the 


story of California fresh oranges exported 
during the month of June, 1935; how 
much value and how many pounds out- 
bound to what different countries and to 
what different ports. The girls figured out 
that the United Kingdom, the Nether- 
lands, Belgium, France, and Sweden were 
the leading markets, in that month, for 
oranges from this Port. The travel stories 
of cheese, rice, silk, cotton and rugs were 
considered interesting both as _ to 
facts and as to figures. 

During National Foreign Trade Week 
some pupils attended the Harbor Day 
Celebration, and, then, gave us reports of 
their trip. Other brought in clippings from 
the newspapers on the subject of Foreign 
Trade and of better International Good- 
Will. 

A letter, selected as the best 
several written by the pupils, was sent to 


also 


among 


the Harbor Commission thanking them 
for the help received through their Re- 
ports. 


quoted from the letters: 


Following are some statements 


“It interests me to see your Statistics 
and learn other ways of using Arithmetic 
than just in school books.” 

“We have been studying percentag 
and graphs, so your books were of great 
interest and help in finding new problems 
for our mathematics class.”’ 

“Your maps, graphs, and articles have 
given us a greater knowledge of our Har- 
bor, and the concerns that help its prog- 


ress,”’ 
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Facing the Facts 


THE ARTICLE by Professor Douglass in 
this issue is very timely and coming from 
a Professor of Secondary Kduecation who 
is friendly toward mathematics ought to 
carry more weight than if it came from a 
teacher of that subject. The same is true 
of the article in this issue by Mr. Klopp. 
For some reason or other, the attacks on 
mathematies have been particularly nu- 
merous recently and one can only conjecture 
what the final outcome will be. Professor 
Douglass seems to think that it is not too 
late for those of us who still feel that the 
educational value of mathematies is im- 
portant to proceed to do something about 
it. It is to be hoped that at the next meet- 
ing of the National Council of Teachers of 
Mathematies in Chieago, the members 
will try to discuss many of these pressing 
problems with each other both privately 
and in some of the open meetings. 

There is no question but that there is 


considerable apathy among all secondary 
teachers with reference to the needs for a 
more dynamic and helpful curriculum. 
Moreover, many teachers in the secondary 
schools are not yet duly interested in try- 
ing to find out what a general education 
ought to be and may find themselves ulti- 
mately in a very precarious position. It is 
doubtful whether mathematics teachers 
are any worse than teachers in the other 
great fields but even if they are not, they 
cannot console themselves by any such 
knowledge. It seems certain that all of us 
who really keeping 
mathematics on the high plane that it 
once had should take particular interest 
at this time not only in what mathematies 


are interested in 


may still be required in secondary educa- 
tion but also what 
the required part may still be made use- 


mathematics above 


ful and necessary by proper reorganiza- 
tion. 


Dr. Slaught's Birthday 


PRESIDENT Martha Hildebrandt of the 
National Council of Teachers of Mathe- 
maties has planned to have some recogni- 
tion of Dr. H. E. Slaught’s birthday at 
the annual banquet on Saturday evening, 
February 20, at the Palmer House in 
Chicago. It is particularly fitting that the 
National Council should do honor to a 
man who for so long has not only been an 
inspiring teacher for thousands of students 
but who also has taken an unusually wide 
interest in the more general sphere of 
mathematical education in the secondary 
schools of the United States and particu- 
larly in the work of the National Council. 
Professor Slaught has also been a guiding 
spirit in the Mathematical Association of 


America and, in fact, in all movements 
toward the improvement of mathematical 
education. It is a great source of joy to 
all of us that he is still with us to partici- 
pate at least in spirit if not in person with 
all of our attempts for the improvement 
of mathematical instruction in the schools. 
Those of us fortunate 
enough to be in his classes when he was 
actively engaged in teaching at the Uni- 
versity of Chicago will feel a particular 
thrill in honoring a teacher whose inspira- 
tion and guidance has meant so much to 
us in our subsequent educational careers. 
The Mathematics Teacher wishes him many 
happy returns of the day. 


who have been 
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By NaTHAN LAZAR 
Alexander Hamilton High School, Brooklyn, New York 


Algebra and Analytic Geometry 


1. Aude, H. T. R. The use of matrices in college 
mathematics. National Mathematics Maga- 
zine. 11:95-104. November 1936. 

The use of matrices in connection with cer- 
tain topics in algebra is well known. The author 
believes that in analytic geometry too, there is 
an especially favorable opportunity for their 
early introduction. By means of specific ex- 
amples he illustrates the use of matrices not 
only as symbols of notation, but also as opera- 
tors for the solution of problems of the following 
types: 

a. matrices for points and lines 

b. matrices for the equations of second de- 

gree in the plane 

ce. polarization by matrices 

d. quadratic surfaces 

e. the one dimensional quadratic form 


2. Colwell, R. C. Mechanical devices for draw- 
ing Lissajou’s figures. School Science and 
Mathematics. 36: 1005-1006. 
1936. 

With the help of two diagrams the writer 
describes a machine invented by Mr. Fullner, 
connected with the physics laboratory at the 
West Virginia University. The device ‘‘will 
draw sine, cosine, and straight line curves with 
simple combinations of the three.”’ 


December 


3. Hatch, Hollis D. Horner’s method—shorlt- 
ened. School Science and Mathematics. 36: 
1007-1008. December 1936. 

The author describes a method for getting 
an approximation of the root of the depressed 
equation closer than the one that is usually ob- 
tained by dropping all powers of x, except the 
linear one. 


4. Read, Cecil B. Logarithms versus cologa- 
rithms. School Science and 


36: 981-85. December 1936. 


The author reports on an unpublished Doc- 
tor’s field study made “‘in an effort to determine 
the relative efficiency of computation by the 
use of logarithms alone as contrasted with com- 
putation by use of logarithms supplemented by 
cologarithms.”’ After a careful exposition of the 
technique and materials used in the study, he 
makes the following recommendations: 


Mathematics. 


a. “The subject of cologarithms should not 
be required 

b. ‘‘When there is abundance of time the 
use of cologarithms may be introduced as 
an optional method. 

ce. ‘‘No definite statements should be made 
regarding the relative advantages or dis- 
advantages of computation by either 

method.”’ 


Geometry 


Hope-Jones, W. The dodecahedro: 
for the young. The Mathematical Gazett: 
20: 254-57. October 1936. 


rhombic 


_ 


A description of a method for interesting 
youngsters of 13 or 14 in the treasures of th: 
rhombic dodecahedron, by starting with the 
study of a bee's cell. Diagrams, directions, and 
exact dimensions are included 


mathe- 


Decen 


Honors courses th 
IS, no. 10 


2. Kramer, Edna E 
matics. High Points. vol 
ber 1936. pp. 42-3. 
The author explains the method described 

below that is used in the Thomas Jefferson Hig! 
School to encourage those students who show 
unusual ability and interest in the study ol 
mathematics. Before the beginning of the sum- 
mer vacation a syllabus is offered to the students 
who have received 90% or higher in tenth year 
list of 
those theorems and difficult originals that are 


mathematics. The syllabus contains a 


omitted in ordinary class work. The students 
are asked to study the theorems and to prepar 
a notebook containing the proofs of the exer 
cises. Upon return to school in September, 

test is given covering the work of the syllabus 
Those who submit creditable papers receive «a 
with 


while those 


marks are mentioned in the school paper. It is 


“honor certificate,”’ perfect 
interesting to note that, although no school 
credit is offered for the above work, 150 stu- 
dents nevertheless applied for the privilege, and 
of that number 30 earried the initial ambitio! 
to a successful culmination. 


3. McCarthy, J. P. Huygens’ proof of th 
Theorem of Pythagoras. The Mathematica! 
Gazette. 20: 280-81. October 1936. 

An exposition of a purely geometric proof b) 

a famous physicist of the well-known theorem 
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1. Musselman, J. R. The triangle bordered with 
squares. The American Mathematical 
Monthly. 43: 539-48. November 1936. 
After a brief survey of the literature on the 

above topic the writer states that it is the pur- 
pose of his paper ‘‘to show how some of these 
results may be easily proved by an analytic 
method, and to use this method to obtain addi- 
tional properties of the figure.”’ 


Miscellaneous 


1. Alexander, Jerome. Mathematical imagery 
and physical phenomena. Scripta Mathe- 
matica. 4: 1389-45. April 1936. 

An acute analysis of the reciprocal effects 
that advances in the natural sciences and 
mathematics tend to have upon each other. 


2. Dunnington, G. Waldo. Oslo under the inte- 
gral sign. National Mathematics Magazine. 
11: 85-94. November 1936 
An interesting account of the International 

Congress of Mathematicians that was held at 
Oslo, Norway, July 13-16, 1936. Three full- 
page photographs are included. 

Mathematics and _ the hy- 


National Mathematics 
Magazine. 11: 71-77. November 1936 


3. Ettlinger, H. J 


potheses of science 


By means of many examples, the author 
proves that mathematics and the natural sci- 
ences tend to exert mutual influences upon each 
other. While ‘‘numerous examples may be cited 
where the needs of science have led to striking 
advances in mathematies ... one may point out 
the more recent profound influence of the con- 
cept of pure mathematies on the whole outlook 


ot the phy sical sciences 


1. Keyser, Cassius Jackson. Panthetics. Scripta 

Mathematica. 4: 126-38. April 1936. 

\ report of an address given at the Galois 
Institute of Mathematics, May 23, 1936. In his 
usual lucid and entertaining style the author 
discusses the following logical and philosophic 
problems: 

Wonder or curiosity. Questions and 
pseudo-questions. 
). Answers and propositions. Categorical 
and hypothetical, or implicatory. 
c. Established proposition. Scientific propo- 
sition and 


mathematical proposition. 


Science and mathematics. 


5. Morton, R. L. 
A comparative study of the scholarsh ip records 


and Miller, Leslie Haynes. 


of students who major in mathematics. School 

Science and Mathematics. 36: 965-67. 

December 1936. 

The writers made a detailed study of the 
records of the 2,262 persons who were graduated 
from Ohio University in the five-year period 


beginning January 1, 1931, and ending Decem- 
ber 31, 1935. After a detailed exposition of the 
technique employed, they arrived at the follow- 
ing conclusion: 

“  . . the odds are 2,800 to 1 that those who 
major in mathematics are superior scholasti- 
cally to all other graduates. Mathematics is 
not a popular subject. In the five-year period 
reviewed here only 63 persons graduated with 
majors in this subject. This is less than three 
per cent of the total number of baccalaureate 
graduates. But those who elect mathematics as 
a major are, generally speaking, able to make 
relatively high scholastic marks.”’ 


6. Neugebauer, Otto. The history of mathe- 
National Mathematics Magazine. 
11: 17-23. October 1936. 


matics. 


Penetrating comments on the difficulties 
inherent in the writing of a history of mathe- 
matics . every single historical investi- 
gation can count as a usable preliminary per- 
formance toward further synthesis only if it is 
guided by two viewpoints: to see the history of 
mathematics in the framework of general his- 
tory, and to understand mathematics itself not 
as a collection of formulas to be continually in- 
creased, but as a living unity.” 


7. Seidlin, Joseph. The place of mathematics 
and its teaching in the schools of this country 
National Mathematics Magazine. (a) 10 
304-07. May 1936. (b) 11: 24-45. October, 
1936 
The author tabulates the replies given to the 

questions that he sent out to 1,000 teachers of 

college mathematies in 520 colleges and univer- 
sities. He also reproduces 132 extracts from 
the comments made by those who replied to his 
questionnaire 

The following are the questions: 

I. Do you believe that at least one year of 
algebra and one year of geometry should be 
required of all high school pupils: 

a) As now taught? 
b) Changed (presumably improved) in 
content? 

II. Do you believe that at least six semester 
hours of mathematics should be required 
of all students in a liberal arts college? 

Ill. Do you believe that mathematics at the 
level indicated 
mathematical ability?” 

(a) Ninth grade? 
(b) Tenth grade? 
(c) First year college? 

IV. Do you believe that only 
“‘scientifically-minded”’ students should be 
encouraged to elect mathematics beyond 
the 8th, 9th, 10th, 11th, 12th, 13th (first 
vear college) grade? Indicate grade. 

V. Comments. 


below requires ‘‘special 


‘superior’ or 
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The Southern Branch of the Colorado 
Education Mathematics Section, 
has applied for a charter of affiliation with the 
National Council. Mr. H. W. Charlesworth of 


Denver, state director for the National Council 


Association, 


addressed the meeting in Pueblo concerning ad- 
vantages of affiliation on Thursday, Nov. 5. 


The complete program of the Denver meet- 
ings of the Mathematics Section which is affili- 
ated with the National Council follows: 


MATHEMATICS 
President, Adalyn Seevers 
Vice-President, Beth Irwin 


Secretary-Treasurer, L. Denzil Keigley 


Thursday, November 5, 2:00 pM. 
Business Session- 

Report of National Council Meeting in Port- 
land, L. Denzil Keigley, 
High School 

“What Mathematics Our Employees Need” 
Walter Beans, Vice-President and Treas- 
urer of Daniels and Fisher 

“How Mathematics Helps Our Employees,” 
P. E. Remington, General Auditor of Bell 
Telephone Company 

“The Progressive Movement in Mathema- 
tics’, A. E. Mallory, Professor of Mathe- 
matics, Colorado State College of Edueca- 
tion, Greeley 

Discussion 


Morey Junior 


Friday, November 6 
Mathematics Section Luncheon 
2:00 P.M. 

Address—‘‘Is There a Psychology of Mathe- 
maties?’’, Dr. Frederic B. Knight, Professor 
of Education and Psychology, State Uni- 
versity of lowa 


Officers of the Colorado Branch of the Na- 
tional Council elected for the ensuing year are: 
Miss Adalyn L. Seevers, Fort Morgan, Colo., 
President; Mrs. Madeline Strang, Colorado 
Springs, Colo., Vice-President; Mr. L. Denzil 
Keigley, Denver, Secretary-Treasurer. 


L. Denzil Keigley of Denver was elected as 
official delegate from the Colorado Branch to 
the February meeting in Chicago of the Na- 
tional Council. 


The the November 
meetings were attended by an average of 190 
mathematics teachers, and the 


Nov. 6 had an attendance of 94. 


afternoon sessions of 


luncheon or 


the Colorado 


Council 


The executive council of 
Branch of the National 
Denver on Saturday, February 6, 


will meet in 
1937 to plan 
the spring meeting, which will be held early in 


March. 


Mathematies teachers are 


publishing a mathematics bulletin three times 


Colorado now 


per vear. The December issue will contain 12 
pages. Miss Alfhild Alenius of Denver is editor 


A very interesting lecture on cryptology was 
Professor Joseph S. Galland of 
Northwestern the Women's 
Mathematics Club of Chicago and Vicinity on 


presented by 
University to 


Saturday, December 2, in the Green Room at 
Mandel Brothers. 
Professor Galland 
Military and Literary 
of figures in codes. He illustrated his talk with 


talked on 
‘and explained the uss 


“Ciphers 


stereopticon slides, showing the practical values 
of these ciphers in codes of various descriptions 

The talk was particularly interesting to 
teachers of mathematics because it showed the 
made by different 


demand on mathematics 


fields. 


Range Mathematics and Science Club 


A meeting of the Range Mathematies and 
Science Clubs held in Mountain Iron, 
Senior High School, on Thursday, December 3 
at 6:00 P.M. 

The program numbers for the joint sessior 


was 


were: 


Mr. O. H. 
Publie 


White- 


Schools, 


1. Address of Welcome by 
head, Superintendent of 
Mountain Iron. 

Flute duet by Miss Grace Halliday and Mr 
Harry Halliday of Virginia, accompanied by 
Miss Elsa Perala, Mountain Iron, at the 


to 


piano. 

3. Address ‘‘Recent Trends in the Secondary 
School Curriculum” by Dr. Oliver R. Floyd, 
Principal, University High School. 

The speaker for the Science Club was Mr. 


Barney Erwin, Manager, Commercial Depart- 
ment of Radio Station WMFG, Hibbing and 
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Virginia. The speakers for the 
Club were: 

Miss Ethel V. Nelson, Supervisor, Moun- 
tain Iron School, and Dr. L. B. Kinney, Director 
of Mathematics, University High School. 


Mathematics 


Miss Nelson discussed the topic, ‘‘Diagnos- 
ing Arithmetical Difficulties in the Elementary 
Dr. 
“Mathematical 
Positions.” 

The charge of the general 
arrangements consisted of: Miss Helen Johnson, 
Miss Esther Farrington, Miss Helmi Rahko, 
Mr. J. F. Muench, H. G. Tiedeman, all of 
Mountain Iron, and H. K. Savre of Buhl. Mr. 
Savre is the president of the Range Science 
Club, and H. G. Tiedeman 
Mathematics Club. 


Grades.”’ Kinney addressed the club on 


Requirements of Commercial 


committee in 


heads the Range 


The third of the Men's Mathe- 
matics Club of Chicago and the Metropolitan 
area was held on Friday, Dec. 18, 1936. The 
program follows: 


meeting 


Are We Teaching What the Pupils Need?, J. A. 
Nyberg 


“How Are the Mathematics Teachers to Meet 
the Proposed Changes in the Chicago High 
School Curriculum?’ was discussed by a 
Committee composed as follows: Dr. J. 8 
Georges, Wright Junior College, Chairman, 
W. G. Hendershot, Roosevelt High School, 
Thomas J. Nolan, Amundsen High School, 
Joseph A. Nyberg, Hyde Park High School, 
Joseph M. O'Rourke, Lane Technical High 


School. 


OUTLINE OF POINTS FOR DISCUSSION 
By Dr. J.-S 


Chairman of the Committee 


(GEORGES 


I. What factors are responsible for the belief 
that mathematies is not needed? 


ll. To what extent is the present lack of under- 
standing of the true educational nature of 
mathematics due to 
1. Present organization of algebra? 

a) Manipulative 

b) Specialization 

ce) Lack of integration with life 

d) Not interpreted as a language 

e) Overlooking the fact that it is a 
quantitative method of thinking 

f) Not emphasizing its laws as appli- 
cable to other fields 

2. Present organization of geometry? 

a) Space perception obtainable intui- 
tively and inductively 
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b) Geometric facts obtained in previous 
courses 
c) Deductive method appreciated by 
more mature minds 
d) Logical reasoning obtainable in other 


subjects 
e) No definite course or unit objectives 
f) Direct measurement not an objective 
g) Indirect measurement not an objec- 
tive 


h 


Constructional work not empha- 
sized 


i) Time requirement too great 


Ill. To what extent are the attacks on mathe- 
matics justified by the teaching methods 
employed in mathematics classes? 


1. Learning products not satisfactory 
a) No carry over into the other subjects 
1) Poor training in arithmetic 
2) Poor training in algebra 
b) High mentality 
c) Unsatisfactory grading as to 
tality 


men- 


d) Lack of motivation 

e) Lack of remedial treatment 
2. Teacher training inadequate 
3. Less 


classes 


experimentation in mathematics 
a) Courses stereotyped 

b) Activity programs not utilized 

c) Project method overlooked 


IV. Will the liberalization of requirements for 


graduation prove an advantage or dis- 
advantage for enrollment in mathematics 
classes? 


1. At par with other subjects 


2. Improve organization 

3. Improve methods of instruction 
4. Attract better students 

5. Enhance learning 

6. Raise standards 


“J 


Improve learning products 


The Detroit Mathematics Club Program for 
the year 1936-1937 is as follows: 
November 19, 1936, Northwestern High School 
“Living Mathematics for the General Pupi!,”’ 
Virgil S. Mallory, Professor of Mathematics 
Instruction, State Teachers College, Mont- 
clair, New Jersey. Tea 3:30 p.m.—Address 
4:30 P.M. 


February 27, 1937, Noonday Luncheon Meeting 


“Quantitative 
Economic 


Aspects of Social- 
Problems,’ George A. Boyce, 
Specialist in Mathematics, Bronxville Public 
Schools, Bronxville, New York. 
place to be determined. 


Everyday 


Hour and 








April 22, 1937, Eastern High School 


“‘Are the Newer Ideas in Teaching of Algebra 
Workable,’’ Symposium Chairman, Dr. J. G. 
Umstattd, Associate Professor of Secondary 
Education, Wayne University, Detroit. 
Speakers: Agnes Crow, Southeastern High 
School; Paula Henze, Eastern High School, 
Lenore Tremper, Jefferson Intermediate 
School; Elmer Harrington, Greusel Inter- 
mediate School; Joseph Walsh, Denby High 
School; Orrin Seaver, Mac Kenzie High 
School. Tea 3:30 p.m., Symposium 4:30 p.m. 


May 20, 1937, Hutchins Intermediate School 


“Correlating Mathematics With Other School 
Subjects,’ Mrs. Florence Brooks Miller, 
Shaker Heights High School, Shaker Heights, 
Ohio. 

Election of Officers. Tea 3:30 p.m. 
4:30 P.M. 


Address 


Officers: President, Mr. Enos Porter; Vice 
President, Miss Hildegarde Beck; Secretary, 
Miss Sarah Jane Smith; Treasurer, Mr. Wade 
O. Hulbert; Chairman of Publicity, Miss 
Blanche Covey. 


Ten Questions Asked and Answered Concerning The 
National Council of Teachers of Mathematics* 


By Epwin W. ScureEIBER 


Secretary, Macomb, /Il. 


1. What Is the National Council of Teachers 
of Mathematics? 

A national association, organized February 
24, 1920, at Cleveland, Ohio, incorporated April 
28, 1928, under the laws of the State of Illinois, 
to assist in promoting the interests of mathe- 
matics in America, especially in the elementary 
and secondary fields, by holding meetings, for 
the presentation and discussion of papers, by 
conducting investigations for the purpose of im- 
proving the teaching of mathematics, by the 
publication of papers, journals, books, and 
reports, thus to vitalize and coordinate the work 
of the many local organizations of teachers of 
mathematics and to bring the interests of 


* Professor Schreiber and Miss Martha 
Hildebrandt, the president of the National 
Council of Teachers of Mathematics are pro- 
moting a vigorous campaign for new members 
in the states of Wisconsin, IIlinois, Indiana and 
Michigan in connection with the Annual Meet- 
ing of the Council in Chicago on February 19 
and 20 at the Palmer House. The material sent 
out by them includes a letter, a membership 
blank, and the ten questions and answers given 
in this article—Tup Epiror. 
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mathematics to the attention and consideration 
of the educational world. 


2. How Many Members? 


About one hundred charter members in 
1920, by 1923 some 3,400 members and at 
present (Nov. 1936) some 4,300 members, repre- 
senting every state in the Union and twenty 
foreign countries. Any person who is interested 
in the field of mathematics is eligible for mem- 
bership in the Council. The annual dues are 
$2.00. 


3. Who Are the Present Officers? 

Herbert E. Slaught, 
Martha’ Hildebrandt, President; Florence 
Brooks Miller, Ist Vice-President; Mary Kelly, 
2nd Vice-President; Edwin W. Schreiber, Secre- 
tary-Treasurer; William D. Reeve, Editor-in- 
Chief of The Mathematics Teacher; Vera San- 
ford, Associate Editor; W. S. Schlauch, Associ- 
ate Editor; and nine additional directors: Wil- 
liam Betz, H. C. Christofferson, Edith Woolsey, 
M. L. Hartung, Mary A. Potter, Rolland R 
Smith, E. R. Breslich, Leonard D. Haertter 
Virgil S. Mallory. 


Honorary President; 


4. What is the Official Journal of the Nationa 
Council? 

The Mathematics Teacher, published eight 
months each vear, October to May inclusive 
It contains papers by leading mathematicians 
in America as well as successful classroom teach- 
ers of mathematics. Some of the special features 
are: “The Art of Teaching’’; ‘‘In Other Periodi- 
cals’; ‘“New Books’; ‘‘News Notes.” Its articles 
are catalogued in ‘‘Education Index,” and ar 


noted in several foreign journals. 


5. What Are the 
In 1926 the National Council published its 
first yearbook on ‘‘A General Survey of Progress 


Ye arbook s? 


in the Last Twenty-five Years’’; in all, eleven 
yearbooks have been published, the eleventh 
appearing in 1936, entitled: “The Place 0 
Mathematics in Modern Education.”’ The year- 
books may be obtained for $1.75 per volume 
from the Bureau of Publications, Teachers (ol- 
lege, Columbia University, New York City 
On several occasions the yearbooks have been 
included in the sixty best educational books o! 
the year, a list published each year in the N.E.A 
journal. 


6. What Are Affiliated Organizations? 


Any local club of mathematics teachers may 
become affiliated with the National Council 
upon passing a resolution to that effect and fill- 
ing out the proper blank of affiliation supplied 
by the Secretary. We now have more than thirty 














eatr- 


ume 
Col- 


may 
uneil 
d fill- 
plied 
hirty 





NEWS 


affiliated organizations from New York to Cali- 
fornia and from Louisiana to Minnesota. An 
engraved certificate is issued to each club with- 
out cost. There is no fee for affiliation. 


7. How Many Annual Meetings Have Been 
Held? 

The National Council has held seventeen 
annual meetings: Ist: Cleveland, 1920; 2nd: 
Atlantic City, 1921; 3rd: Chicago, 1922; 4th: 
1923; Sth: 1924; 6th: 
Cincinnati, 1925; 7th: Washington, 1926; Sth: 
Dallas, 1927; 9th: Boston, 1928; 10th: Cleve- 
land, 1928; llth: Atlantie City, 1930; 12th: 
Detroit, 1931; 13th: Washington, 1932; 14th: 
Minneapolis, 1933; 15th: Cleveland, 1934; 16th: 
Atlantic City, 1935; 17th: St. Louis, 1936. 


Cleveland, Chicago, 


S. Whereand When 1s the Next Annual Mecte 
ing to Be Held? 

The Eighteenth Annual Meeting of the 
National Council will be held at the Palmer 
House in Chicago, February 19-20, 1937. The 
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special features of this convention will be: “A 
Walking Talkie’’; 
the 75th birthday of our Honorary President, 
Dr. Herbert E. Slaught; A Discussion Luncheon 
with the officers of the Council as Hosts; Papers 


Significant Recognition of 


and discussions by prominent leaders in the 
field. 


9. Does the National Council Hold Meetings 
Other Than Annual? 

Yes. It has held three summer meetings at 
the time of the N.E.A. summer 
Chicago, 1933; Washington, 1934 (sent a repre- 
sentative); Denver, 1935; Portland, 1936. The 


meetings; 


Council is planning a meeting for Detroit, 
1937. We have had one winter meeting with 


the A.A.A.S. at Pittsburgh, 1934. 


10. What of the Future? 

The National Council has set as an objective 
10,000 members, the goal to be reached in the 
next few. years. We extend to all interested a 
cordial invitation to JOIN NOW. 
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OUTLINE of GEOMETRY 
PLANE AND SOLID 


By GEORGE W. EVANS 


Sequence planned for earlier intro- 
duction of powerful theorems, and 
for more obvious logical succession— 
Occasional study of logical patterns 
for their own sake—Emphasis on 
Order in geometrical figures—Utili- 
zation of algebra and of trigono- 
metric ratios wherever clearness and 
brevity can be thus promoted—Nu- 
merical approximation as an easy and 
sound treatment of “limits.” 

The table of contents indicates 
what theorems of solid geometry are 
available at different stages of plane 
geometry. 


Single copies 65 cents, lots of 10 or more 
55 cents per copy. For sale by John A. 
O’Keefe, Treasurer, 107 Ocean St., Lynn, 
Mass. ; 




















Program of the Eighteenth Annual Meeting 


of the National Council of Teachers of Mathematics 
Palmer House - Chicago, Illinois 


Friday Afternoon, February 19, 1937 


2:45 p.m.—Trip to the Adler Planetarium 
Admission $0.25 
Friday Evening, February 19 
8:00 p.m.—General Meeting—Grand 
Ball Room 
Address of Welcome 
James FE. MeDade, Assistant Super- 
intendent of Schools, Chicago, Illi- 
nois 
Response 
Florence Brooks Miller, Shaker 
Heights Junior High School, Cleve- 
land, Ohio 
Mathematies and Life 
Albert A. Bennett, Brown Univer- 
sity, Providence, R. I. 
Projects in High School Mathematics 
Beulah I. Shoesmith, Hyde Park 
High School, Chicago, Illinois 
Saturday Morning, February 20, 1937 
8:30 a.m.— Business Meeting—Private 
Dining Room Number 14 
9:30 a.M.—ARITHMETIC SECTION: Grades 
1-8$—Club Dining Room 
Presiding: Florence Brooks Miller 
1. Organization of the Program 
C. L. Thiele, Director of Ex- 
act Sciences, Detroit Public 
Schools, Chairman 
Significance, Meaning and _ In- 
sight, These Three 
Dr. B. R. Buckingham, Fdi- 
torial Department, Ginn and 
Company 
3. Teaching Pupils to Teach Them- 
selves 
Dr. H. G. Wheat, Professor of 
Education, West Virginia Uni- 
versity 
4. Methods and Devices for the De- 
velopment of Resourcefulness 
Dr. Arthur 8. Otis, Psychologi- 
eal Editor, World Book Com- 
pany 
Discussion 
9:30 a.mM.—H1IGH ScHOOL Section: Grades 
9-12—Private Dining Room Number 
14 
Presiding: Mary Kelly 
1. Providing for Individual Needs in 
Mathematics 


bo 


9:30 A.M. 


Virgil S. Mallory, New Jersey 
State Teachers College, Mont- 
clair, New Jersey 

2. An Experiment Dealing With Slow 
Learning Pupils in Mathematies 

Raleigh Schorling, University of 
Michigan, Ann Arbor, Michi- 
gan I" 

3. Curriculum Hints from the Night 
School 

Theo Donnelly, West Division 
High School, Milwaukee, Wis- 
consin \ 

t. Revealing the Vitality of Mathe- 
matics 

Kate Bell, The Lewis and E 
Clark High School, Spokane, 
Washington 


Discussion 


JUNIOR COLLEGE SECTION 
Club Lounge V 
Presiding: I. J. Moulton 
1. Off the Beaten Path 
Mayme I. Logsdon, University 
of Chicago, Chicago, Illinois v 
Some Problems of Junior College 
Mathematies 
H. W. Bailey, University of Illi- \ 
nois, Urbana, Illinois 
3. Business and Finance Mathemat- 


bo 


ies in the Junior College Curricu- H 
lum 
W.C. Schlauch, New York Uni- 
versity, New York City 9 


Discussion 
Saturday Noon, February 20 
12:00—Discussion Luncheon—Red 


Lacquer Room 
Price, $1.30 per plate 





Saturday Afternoon, February 20 
2:30 p.m. General Meeting—Grand 
Ball Room 
1. Mathematies and the Integrated 
Program 
W. D. Reeve, Teachers College, 
Columbia University 
2. A Classroom Project in Intuitive 
Geometry 


William Betz, Specialist — in 


Mathematics, Rochester, New 
York 
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Saturday Evening, February 20 
6:30 p.M.—Annual Banquet—Red 
Laequer Room 
Price, $2.00 per plate 
Recognition of Dr. H. E. 
Birthday 
Address—-A New Deal from Old Cards 
H. EK. Buchanan, Tulane University, 
New Orleans, Louisiana 


Slaught’s 


Saturday Noon—Discussion Luncheon 
Red Lacquer Room 
(12:00 o’clock) 

Florenee Brooks Miller 
“What can be done to increase the in- 
terest of the class room teacher in the 
National Council of Teachers of 
Mathematies?”’ 

Mary Kelly 
“What should the Senior High School 
course In Mathematies inelude?”’ 

Edwin W. Schreiber 
“Some of the teaching problems of 
Plane ¢ reometry.”” 

Wm. D. Reeve 
Significant New 
Mathematies 

Vera Sanford 
“A course for Normal Sehool Fresh- 
men which will impress them with the 
importance of mathematies.”’ 

W.S. Sehlauch 
“What are the requirements for a 
good examination in mathematies?”’ 

Wm. Betz 
“The problem of 
grades 7 and 8.” 

H. C. Christofferson 
“Meaningful teaching and measuring 
results.”’ 

Edith Woolsey 
“(Consumers 
ninth grade.” 


Developments in 


retardation in 


mathematies for the 
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M. L. Hartung 
“What are some of the promising 
recent developments or trends in the 
teaching of geometry?” 
Mary A. Potter 
“All kinds of pictures we use in 
teaching mathematies.’’ 
folland R. Smith 
“Introduction to Geometry.” 
Leonard D. Haertter 
“What should be the contribution of 
mathematies to the edueation of chil- 
dren.” 
Ie. R. Bresliech 
“Questions relating to the improve- 
ment of teaching mathematics.”’ 
Virgil S. Mallory 
“Providing challenging material for 
the bright pupil.”’ 
(’. A. Austin 
“Motivating high school mathemat- 
ics.”’ 
Raleigh Schorling 
“Some suggestions relating to mathe- 
maties courses for non-college groups.”’ 
John P. Everett 
“What is the meaning of transfer in 
the very elementary phases of mathe- 
maties and does this meaning change 
with increasing maturity of the stu- 
dent?” 
J. O. Hassler 
“Bridging the gap between high 
school and college mathematies.’’ 


If you wish to attend the luncheon, please 
send your name, your first, second and third 
choice in topics and a check for $1.30 (includes 
state tax) to Mr. E. W. Schreiber, 719 West 
Adams Street, Macomb, Illinois. He will send 
you your ticket and the topie for which your res- 
ervation has been made. Reservations will be 
filled in the order in which they are received. 











A new general course for ninth grade ] 


MODERN-SCHOOL 
MATHEMATICS 


Book THREE 


By Raleigh Schorling, John R. Clark, Rolland R. Smith 





Book THREE of the distinguished Modern-School Mathematics series offers a pro- 
gressive course in general mathematics for the first year of high school or the last year 
of junior high school. Its balanced choice of subject matter, its careful development of 
principles, its abundant practice for skill and application, its special treatment of 
problem solving, and its attention to the meaning and significance of mathematics in- 
sure a workable and effective course. In this book forward looking thought is blended 
with experience. 
Send for description 


WORLD BOOK COMPANY 
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